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ABSTRACT
We present a new grid of presupernova models of massive stars extending in mass between 13 and
120 M⊙, covering four metallicities (i.e. [Fe/H]=0, -1, -2 and -3) and three initial rotation velocities
(i.e. 0, 150 and 300 km/s). The explosion has been simulated following three different assumptions
in order to show how the yields depend on the remnant mass - initial mass relation. An extended
network from H to Bi is fully coupled to the physical evolution of the models. The main results can
be summarized as follows.
a) At solar metallicity the maximum mass exploding as Red Super Giant (RSG) is of the order of 17
M⊙ in the non rotating case, all the more massive stars exploding as WR stars. All rotating models,
vice versa, explode as Wolf-Rayet (WR) stars.
b) The interplay between the core He burning and the H burning shell, triggered by the rotation
induced instabilities, drives the synthesis of a large primary amount of all the products of the CNO, not
just 14N. A fraction of them enriches enormously the radiative part of the He core (and is responsible
of the large production of F) and a fraction enters the convective core leading therefore to an important
primary neutron flux able to synthesize heavy nuclei up to Pb.
c) In our scenario, remnant masses of the order of those inferred by the first detections of the
gravitational waves (GW150914, GW151226, GW170104, GW170814) are predicted at all metallicities
for none or moderate initial rotation velocities.
Keywords: stars: evolution - stars: interiors - stars: massive - stars: rotation - supernovae: general -
nucleosynthesis
1. INTRODUCTION
Massive stars play a pivotal role in the evolution of
the Galaxies because of their influence on the environ-
ment: they contribute to the chemical enrichment of the
gas clouds, eject an enormous amount of energy either
as neutrinos or kinetic energy, are the protagonists of
some of the more spectacular explosions we do see in
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the sky, leave compact remnants that extend in mass
from the neutron stars to black holes and are therefore
also intimately linked to the spectacular detections of
the collapse of compact remnants in binary systems by
the LIGO-VIRGO collaboration. A proper understand-
ing of the many evolutionary properties of these stars,
including their distribution in the HR diagram, the rel-
ative numbers of stars in the various WR stages, the
physical and chemical structure of the mantle at the on-
set of the collapse (responsible for the different kinds
of core collapse supernovae), the changes of the sur-
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face chemical composition during their evolution and,
last but not least, the properties of the explosion in-
cluding the explosive yields and the mass distribution
of the remnants, demands the build up of an extended
and homogeneous grid of models which may be used to
study the contribution of these stars to the evolution of
the galaxies since the formation of the first stars as well
as to understand a large variety of objects we observe
in the sky. Though it exists a huge literature address-
ing one or another aspect of the evolution of the mas-
sive stars (Heger et al. 2000; Meynet & Maeder 2003;
Heger et al. 2005; Meynet & Maeder 2005; Brott et al.
2011; Limongi & Chieffi 2012; Maeder & Meynet 2012;
Ekstro¨m et al. 2012; Chieffi & Limongi 2013), an ho-
mogeneous and extended set (in mass, metallicity, initial
rotation velocity and number of nuclear species followed)
is still missing.
In this paper we present for the first time all the rel-
evant properties of a wide set of rotating stellar mod-
els: we cover three different initial rotational velocities,
namely, v=0, 150 and 300 km/s, and 4 different initial
metallicities, namely, [Fe/H]=0, -1, -2 , -3. The physical
and chemical evolution of these models is fully coupled
together and the number of nuclear species followed ex-
plicitly amounts to 338, from H to Bi. All the models
were computed with the latest version of our stellar evo-
lution code (FRANEC), improved with respect to the
version used in Chieffi & Limongi (2013) (CL13 here-
inafter) in order to (1) refine the treatment of the an-
gular momentum transport in the envelope of the star;
(2) take into account the dynamical mass loss caused by
the approach of the luminosity of the star to the Ed-
dington limit; (3) refine the computation of the angular
momentum loss due to the stellar wind and (4) increase
the size of the adopted nuclear network. Compared to
our previous study, we also adopted a different approach
to calibrate the rotation induced mixing efficiency, that
takes advantage now of the observations of the surface
chemical composition of many B-stars in the LMC sam-
ples of the FLAMES survey (Hunter et al. 2009). The
paper is organized as follows: the latest version of the
FRANEC code is presented in Section 2 while the cal-
ibration of the rotational mixing efficiency is discussed
in Section 3; Section 4 is devoted to the presupernova
evolution of all the models while the explosive yields
are presented in Section 5. A comparison with models
computed by other authors is shown in Section 6 while
the remnant mass - initial mass relation is discussed in
Section 7. A final summary and conclusions follows.
2. THE MODELS AND THE STELLAR
EVOLUTION CODE
The results presented in this paper are based on a
grid of models with initial masses 13, 15, 20, 25, 30, 40,
60, 80 and 120 M⊙, initial metallicities [Fe/H]=0, -1,
-2, -3 and initial equatorial velocity v=0, 150, 300 km/s
(at the beginning of the MS phase). The evolution of
all these models has been followed from the pre Main
Sequence phase up to the presupernova stage, that is,
when the integration of the equations does not converge
anymore. Note that the central temperature of all the
models at this stage is well above ∼ 6·109 K. The evolu-
tions have been computed by means of the latest version
of the FRANEC code. The main features of this code,
as well as all the input physics and assumptions, have
been already extensively discussed in CL13 and are sum-
marized in Appendix A for sake of completeness. The
improvements with respect to the version described in
CL13 are the following: (1) a better treatment of the an-
gular momentum transport in the envelope of the star;
(2) the inclusion of the mass loss triggered by the ap-
proach to the Eddington limit; (3) a proper computation
of the angular momentum loss due to the stellar wind
and (4) the increase of the size of the adopted nuclear
network.
(1) In the FRANEC the star is divided in two zones:
the atmosphere and the inner region. In the atmosphere
the luminosity is assumed to be constant so that only
three equations, instead of four, are solved. In presence
of rotation the transport of the angular momentum is
ignored in the atmosphere and it is assumed that it ro-
tates as a solid body together to the external border of
the inner zone. The mass fraction that we traditionally
include in the atmosphere is fixed at 1% of the current
total mass of the star, and we adopted this value also
in CL13. In order to increase the fraction of mass in
which the angular momentum is properly transported
we pushed forward the base of the envelope so that in
this new grid of models only 1 per ten thousand of the
mass is included in the atmosphere, i.e. 99.99 % of the
mass now being included in the inner zone. Such a choice
cannot be maintained for the whole evolution because
the dramatic increase of the radius when the star turns
redward would imply a prohibitive increase in the num-
ber of meshpoints and timesteps, so we adopted such
a refined choice until a star is in central H burning.
Beyond that, the border of the inner zone automati-
cally shifts slowly down in mass until it reaches 99%
of the current mass. Such a choice is partially justi-
fied by the fact that after the core H exhaustion the
star quickly evolves toward the red supergiant (RSG)
stage and therefore the surface rotation velocity reduces
dramatically. (2) During the redward excursion in the
HR diagram occurring after core H depletion, the radia-
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tive luminosity L = (16piac/3)(GmT4)/(kP)∇ (where
∇ is the local effective temperature gradient, defined as
∇ = dLog P/dLog T) may approach, and even over-
come, the Eddington luminosity L = 4picGm/k. When
this happens, all the zones above the region exceeding
this limit become essentially unbound and one would
expect a strong episode of mass loss. In order to treat
such a phenomenon, we remove all the unbound zones
with a maximum limit of 3 ·10−3 M⊙ lost per model. (3)
When a star loses mass it also loses a certain amount of
angular momentum. The determination of this amount
is not trivial, it is subject to large uncertainties and is
somewhat arbitrary. In CL13 we arbitrarily made amin-
imalist choice in the sense that the amount of angular
momentum removed per timestep was simply the one
contained in the mass removed by the star as a conse-
quence of the mass loss. In the present calculations, on
the contrary, we compute explicitly the angular momen-
tum loss J (= J˙dt = jsurfM˙dt, where jsurf is the specific
angular momentum at the surface and M˙ and dt the
mass loss rate and the timestep, respectively) and re-
move such an amount from the outer region of the star
by requiring that no more than few per cent of the angu-
lar momentum may be removed from each layer. (4) The
nuclear network adopted in CL13 included 293 isotopes,
from H to 98Mo coupled by all possibile links among
them due to weak and strong interactions, for a total
of about 3000 reactions in the various nuclear burning
stages. Since one of the main issue related to the nucle-
osynthesis in rotating massive stars of low metallicity is
the production of the s-process elements (see below), we
extend our nuclear network in order to include as many
elements as possibile between 98Mo and 209Bi. In order
to save computer memory and computational time, we
make the following assumption. Since in the neutron
capture chain the slowest reactions are the ones involv-
ing magic nuclei, we explicitly follow, and includes into
the nuclear network, all the stable and unstable isotopes
around the magic numbers corresponding to N=82 and
N=126, consider for these isotopes only neutron cap-
tures and beta decays, and assume all the other inter-
mediate isotopes at the local equilibrium. In this way we
are able to follow in detail the flux of neutrons through
all the magic number bottlenecks. As a consequence
the nuclear network adopted in the present calculations
includes 335 isotopes (from neutrons to 209Bi) and is
reported in Table 1
In order to check the reliability of this assumption,
we performed a one-zone calculation of a typical core
He burning with two different nuclear networks, the one
reported in Table 1 and another one in which we added
also all the stable isotopes between 98Mo and 132Xe (Ta-
Table 1. Nuclear network adopted in the present
calculations
Element Amin Amax Element Amin Amax
n........ 1 1 Co....... 54 61
H........ 1 3 Ni....... 56 65
He....... 3 4 Cu....... 57 66
Li....... 6 7 Zn....... 60 71
Be....... 7 10 Ga....... 62 72
B........ 10 11 Ge....... 64 77
C........ 12 14 As....... 71 77
N........ 13 16 Se....... 74 83
O........ 15 19 Br....... 75 83
F........ 17 20 Kr....... 78 87
Ne....... 20 23 Rb....... 79 88
Na....... 21 24 Sr....... 84 91
Mg....... 23 27 Y........ 85 91
Al....... 25 28 Zr....... 90 97
Si....... 27 32 Nb....... 91 97
P........ 29 34 Mo....... 92 98
S........ 31 37 Xe....... 132 135
Cl....... 33 38 Cs....... 133 138
Ar....... 36 41 Ba....... 134 139
K........ 37 42 La....... 138 140
Ca....... 40 49 Ce....... 140 141
Sc....... 41 49 Pr....... 141 142
Ti....... 44 51 Nd....... 142 144
V........ 45 52 Hg....... 202 205
Cr....... 48 55 Tl....... 203 206
Mn....... 50 57 Pb....... 204 209
Fe....... 52 61 Bi....... 208 209
ble 2). This test has been done by using the temporal
evolution of the central temperature and density ob-
tained for a 20 M⊙ star having [Fe/H]=-3 and initial
equatorial velocity v=300 km/s. The continuous inges-
tion of fresh 14N (driven by the rotation induced mixing,
see below) that powers a steady production of primary
neutrons is simulated by keeping constant the neutron
mass fraction during the evolution: more specifically the
neutron density is set equal to a mass fraction of 10−20
(.i.e. the value corresponding to the starting model, see
below) at the beginning of each timestep . The compu-
tation starts when the 22Ne(α,n) begins to be efficient,
which means in this specific case when the central He
mass fraction drops to ∼ 0.08 and ends at the central
He exhaustion. The result of this test shows clearly that
at the end of the central He burning both run populate
similarly the region 131 < A < 145 (i.e. around the
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Table 2. Isotopes in-
cluded between 98Mo and
132Xe in the one-zone He
burning calculation
Element Amin Amax
Tc....... 99 99
Ru....... 100 102
Rh....... 103 103
Pd....... 104 104
Ag....... 109 109
Cd....... 110 114
In....... 115 115
Sn....... 116 120
Sb....... 121 121
Te....... 122 126
I........ 127 127
Figure 1. Variation between the abundances obtained with
our reference network (Table 1), Xref , and the ones obtained
with the larger network, Xfull, i.e., including in the reference
network also the isotopes reported in Table 2
magic neutron closure shell n=82). Figure 1 shows in
fact that final abundances of these nuclei vary between
20 and 40 %. Figure 2 shows the temporal evolution of
138Ba obtained in the two runs: the red line refers to the
reference network shown in Table 1 while the black line
refers to the more extended network that includes also
the elements reported in Table 2. Both these plots show
that our approximation does not alter too substantially
the flux of the matter through the neutron magic num-
ber bottlenecks because the increase of the abundances
of the heavy elements induced by rotation is order of
magnitude larger than the differences found above by
comparing the two networks.
The nuclear cross sections and the weak interaction
rates have been updated whenever possible, with respect
to the ones adopted in our previous version of the code.
Most of them have been extracted from the STARLIB
Figure 2. Evolution of 138Ba mass fraction as a function
of 4He mass fraction in the one-zone model calculation. The
black line is obtained with the network in Table 1 while the
red line is obtained with the network in Table 2 (see text).
database (Sallaska et al 2013). Tables 3 and 4 show
the full reference matrix of all the processes taken into
account in the network, together to its proper legend. As
usual, for the weak interaction rates, β+ and β− mean
the sum of both the electron capture and the β+ decay
and the positron capture and the β− decay, respectively.
The initial composition adopted for the solar metallic-
ity models is the one provided by Asplund et al. (2009),
which corresponds to a total metallicity Z = 1.345·10−2.
For the models with initial metallicity lower than solar
we assume the same scaled solar distribution for all the
elements, with the exception of C, O, Mg, Si, S, Ar, Ca,
and Ti for which we adopt an enhancement with respect
to Fe derived from the observations of low metallicity
stars, i.e., [C/Fe]=0.18, [O/Fe]=0.47, [Mg/Fe]=0.0.27,
[Si/Fe]=0.37, [S/Fe]=0.35, [Ar/Fe]=0.35, [Ca/Fe]=0.33,
[Ti/Fe]=0.23 (Cayrel et al. 2004; Spite et al. 2005).
As a result of these enhancements, the total metal-
licity corresponding to [Fe/H]=-1,-2,-3 is Z = 3.236 ·
10−3, 3.236 · 10−4, 3.236 · 10−5, respectively. The ini-
tial He abundances adopted at the various metallicities
are: 0.265 ([Fe/H]=0), 0.25 ([Fe/H]=-1), 0.24 ([Fe/H]=-
2 and [Fe/H]=-3). By the way, let us remind the
reader that the abundance ratio [X/Y] is defined as
[X/Y] = Log(X/Y)− Log(X/Y)⊙.
3. CALIBRATION OF THE MIXING EFFICIENCY
Since rotation is a multidimensional physical phe-
nomenon, its inclusion in a 1D stellar evolution code im-
plies a certain number of assumptions (Maeder & Meynet
2000, CL13). Therefore the calculation of the diffusion
coefficients adopted to transport both the angular mo-
mentum and the chemical composition (see Appendix
A) are intrinsically uncertain. For this reason the effi-
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ciency of the rotation induced mixing must be calibrated
in some way. Different authors adopt different tech-
niques to perform such a calibration, e.g. Heger et al.
(2000) require a surface enrichment of N of the order
of 2-3 in solar metallicity models with initial mass in
the range 10-20 M⊙, while Brott et al. (2011) try to
reproduce the observed N abundance as a function of
the projected rotation velocity (the Hunter diagram
hereafter) in the LMC samples of the FLAMES survey
(Hunter et al. 2009). In CL13 we computed only solar
metallicity models and therefore we followed the same
idea of Heger et al. (2000). In general, since we have
two free parameters, namely fc and fµ (Heger et al.
2000, CL13), and only one requirement, we cannot de-
termine a single solution to this problem but only a
family of possible choices. For this reason, in CL13, we
chose a conservative approach by fixing fc = 1.0 and
by calibrating fµ in order to obtain an enhancement of
the surface N abundance by a factor 2-3 in a 20 M⊙
star of solar metallicity at core H depletion. As a result
of that calibration we found that the best choice of the
two mixing parameters was fc = 1.0 and fµ = 0.03.
In this paper we present models of various metallicities
and hence we decided to check whether the calibra-
tion obtained in CL13 is valid at subsolar metallicities.
For this reason, we considered the LMC samples of the
FLAMES survey that are centered toward the clusters
NGC2004 and N11 (Hunter et al. 2008). The number
of core H burning stars (log g ≥ 3.2), for which both
the determination of the surface N abundance and the
v sin(i) are available, is 62 and 30 for NGC2004 and N11
respectively. Therefore, to obtain a sample which is as
homogenous and populated as possible we decide to use
only NGC2004.
Figure 3 shows a plot of the surface N abundance as
a function of the projected rotational velocity for the
sample of stars in NGC2004. While there are stars that
follow the general trend one would expect from the rota-
tion induced mixing (i.e. the higher the initial rotation
velocity the higher the surface N enhancement), there
is also a conspicuous number of stars that do not follow
such a general expectations: we will neglect these stars
in the present calibration. We followed the same pro-
cedure adopted by Brott et al. (2011), i.e. we aimed to
reproduce what we expect it should be the main trend of
the surface N enhancement as a function of the rotation
velocity. The typical mass estimated for this sample is
∼ 13 M⊙, therefore we computed a series of models of
13 M⊙ and different initial equatorial rotation velocities,
assuming fc = 1.0 and fµ = 0.03. The adopted initial
metallicity is [Fe/H]=-.45, the abundances of most of the
elements are assumed to be scaled solar, with the excep-
Figure 3. Surface N abundance (black dots) as a function
of the projected rotation velocity for a sample of stars in
the LMC cluster NCG2004 (Hunter et al. 2008). Evolution-
ary tracks of a 13 M⊙ with different initial rotation veloci-
ties, computed with two different calibration of the rotation
driven mixing efficiency, namely fc = 1.0 and fµ = 0.03
(green line), and fc = 1.5 and fµ = 0.01 (red lines).
tions of C, N, O, Mg and Si, for which we adopt the same
scaling reported by Brott et al. (2011) in their Table 1.
Figure 3 shows the evolutionary tracks of these models
(green dotted lines) superimposed to the observed data.
Note that the theoretical velocities have been multiplied
by pi/4 in order to take into account of the random in-
clination of the rotational axis. The Figure shows that
the mixing obtained with fc = 1.0 and fµ = 0.03 is not
efficient enough to explain the highest N abundances
observed for the fastest rotating models. Therefore we
modified the two coefficients trying to get close to these
highly enhanced stars. After a series of tests we decided
(arbitrarily) to adopt fc = 1.5 and fµ = 0.01. Figure
3 shows the evolutionary tracks computed with these
choices as red dotted lines. The red and green solid lines
are obtained by connecting the position of the various
models at the central H exhaustion. As a final comment
let us remark that with the present choices of fc and fµ,
the surface N enhancement obtained in a 20 M⊙ star
of solar metallicity at core H depletion is of the order
of 5-6, i.e., not much higher than the value obtained in
CL13.
4. PRESUPERNOVA EVOLUTIONS
We have already discussed extensively in CL13 the
influence of rotation (see also Heger et al. (2000);
Meynet & Maeder (2000)), and of the associated in-
stabilities, on the evolution of a generation of massive
stars of solar metallicity and one initial rotation veloc-
ity v=300 km/s. Here we discuss the influence of the
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Figure 4. Ratio between the angular and the critical veloc-
ities at the beginning of the main sequence for all the models
of the present grid.
metallicity and two different initial equatorial velocities
(150 and 300 km/s) on the evolution of a generation
of massive stars. It is very important to note, and to
remind through the reading of all the paper, that the
role of rotation as a function of the mass largely depends
on the way in which each grid of models is computed.
More specifically, the dependence of any property (con-
nected to rotation) on the mass is completely different
if one compares models having the same initial rotation
velocity or, e.g., the same fraction of the break out ve-
locity. The reason is that the impact of rotation on the
evolution of a star roughly scales directly with ωωcrit but
this parameter scales inversely with the mass if the ini-
tial rotation velocity is kept constant (Figure 4). Hence
a set of models of different masses and the same ini-
tial rotation velocity will obviously show a progressive
reduction of the rotation induced effects as the initial
mass increases. Note, also, that the setup of the stellar
evolution code adopted for the present computations is
different from the one adopted in CL13, therefore the
solar metallicity models presented here are not identical
to those discussed in that paper.
Tables 5, 6, 7, 8, 9, 10, 11, 12, 13, 14, 15 and 16
summarize the main evolutionary properties of all the
computed models in the present grid, at the end of the
main nuclear burning stages (e.g., ”MS” refers to the
end of the pre main sequence phase, ”H” to the end
of core H burning phase, ”He” to the end of core He
burning phase, ”PSN” to the end of the evolution). For
each burning stage, the various columns in these tables
have the following meaning: (column 1) the evolution-
ary stage (as mentioned above); (column 2) the star’s
lifetime in year; (column 3) the maximum extension of
the convective core in solar masses; (column 4) the log-
Figure 5. Total mass (blue solid line) and He core mass (red
solid line) at core H exhaustion as a function of the initial
mass, for non rotating solar metallicity models. The label
’WNL’ marks the models entering the Wolf-Rayet stage.
arithm of the effective temperature in kelvin degrees;
(column 5) the logarithm of the luminosity in solar lu-
minosities; (column 6) the total mass of the star in solar
masses; (column 7) the He core mass in solar masses;
(column 8) the CO core mass in solar masses; (column
9) the equatorial velocity in km/s; (column 10) the sur-
face angular velocity in s−1; (column 11) the ratio be-
tween the surface and the critical angular velocity; (col-
umn 12) the total star’s angular momentum in unit of
1053 g cm2 s−1; (columns 13 to 15) the surface H, He
and N mass fractions; (columns 16 to 17) the N/C and
N/O number ratios.
4.1. Core H burning
Mass Loss significantly affects the evolution of a mas-
sive star in central H burning and its influence increases
with the initial mass because of the large dependence of
the mass loss rate on the luminosity (Vink et al. 2000,
2001). With the presently adopted mass loss prescrip-
tions, non rotating solar metallicity models with initial
mass larger than 60 M⊙ lose a substantial fraction of
their H-rich envelope and therefore enter the Wolf-Rayet
(WR) stage already in this phase. In particular they be-
come WNL stars during the late stages of core H burn-
ing. Note, however, that the minimum mass that be-
comes a WR star does not depend only on the adopted
mass loss rate but also on other uncertain properties like,
e.g., the size of the H convective core. In fact, as it is well
known, the inclusion of some amount of convective core
overshooting makes the evolutionary tracks cooler and
brighter compared to the standard ones. This implies
an overall higher mass loss and therefore a reduction of
the minimum mass entering the WR stage.
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Tables 17, 18, 19, 20, 21, 22,23, 24, 25, 26, 27 and
28 show the lifetimes during the various WR stages (see
Chieffi & Limongi 2013 for the definition of the various
WR stages). Each table shows the following quantities:
the initial mass (column 1), the lifetime during the O-
type phase in years (column 2); the total WR lifetime
in year (column 3); the lifetime during the WNL phase
in years (column 4); the H or He central mass fraction
at the time the star enters the WNL stage (column 5);
the lifetime during the WNE phase in years (column 6);
the H or He central mass fraction at the time the star
enters the WNE stage (column 7); the lifetime during
the WNC phase in years (column 8); the H or He central
mass fraction at the time the star enters the WNC stage
(column 9); the lifetime during the WC phase in years
(column 10); the H or He central mass fraction at the
time the star enters the WC stage (column 11).
The He core mass (MHe) at core H exhaustion in-
creases, in general, with the initial mass (Mini) because
it scales with the size of the H convective core that, in
turn, increases with the mass of the star. Figure 5 shows
the MHe −Mini (red dashed line) and the Mtot −Mini
(blue dashed line) relations at core H depletion, Mtot
being the actual mass of the star. The bending of the
MHe −Mini relation is a consequence of the tremendous
mass loss experienced by the more massive stars.
As the metallicity decreases, mass loss reduces sig-
nificantly because it scales as M˙ ∼ Z0.85 (Vink et al.
2000, 2001). As a consequence, all non rotating mod-
els with [Fe/H] ≤ −1 evolve essentially at constant
mass in this phase. A lower initial metallicity implies
also a reduction of the total abundance of the CNO
nuclei and therefore an increase of the core H burn-
ing temperature. This leads, in principle, to more ex-
tended convective cores and hence to larger MHe at
core H depletion (Tornambe’ & Chieffi 1986). How-
ever, this effect is largely mitigated in our models by
the inclusion of 0.2 HP of overshooting in central H
burning (HP = −dLogr/dlogP), occurrence that washes
out most of the dependence of the convective core, and
hence of the MHe, on the initial metallicity. Figure 6
shows, in fact, that stars with initial mass M < 40 M⊙
develop He core masses essentially independent on the
initial metallicity. Stars above this limiting mass show
sizable differences between models with solar and non
solar metallicities but these differences are just the in-
direct effect of mass loss, as we have already discussed
above.
The effect of rotation on the evolutionary path of a
massive star in the HR diagram in central H burning
is twofold (Meynet & Maeder 2000; Maeder & Meynet
2000, 2001, 2012, CL13). On one side, the lower grav-
Figure 6. He core mass at core H depletion as a function
of the initial mass for non rotating models at various metal-
licities.
ity, due to the combined effects of the centrifugal force
and the angular momentum transport, pushes the star
towards lower effective temperatures. On the other side,
the increase of the mean molecular weight in the radia-
tive envelope, due to the rotationally driven mixing, has
two key consequences: a) the mass of the H convective
core increases, making therefore the track brighter and
cooler (like the effect of the convective core overshoot-
ing); b) the opacity in the H rich mantle lowers, making
the star more luminous and more compact and favoring
therefore a blueward evolution. Depending on the ini-
tial mass, initial metallicity and initial rotation velocity,
one of these effects may prevail over the others. Figure
7 shows that, during core H burning, the evolutionary
tracks of rotating solar metallicity stars are, on aver-
age, brighter and hotter than those of the non rotating
ones and hence that the increase of the mean molecular
weight in the H rich mantle is the dominant effect. On
the contrary, as the metallicity decreases, the evolution-
ary tracks of rotating stars become brighter and cooler
than those of the non rotating ones and hence that the
reduction of the effective gravity, due to the centrifu-
gal force and the angular momentum transport, mainly
controls the evolution.
A change in the evolutionary path of a star in the HR
diagram obviously reflects on the mass loss rate. At so-
lar metallicity, the amount of mass lost in H burning
increases significantly with the initial rotation velocity.
As a consequence, the minimum mass entering the WNL
stage in this phase decreases from M > 60 M⊙, in the
non rotating models, to M > 40 M⊙, in the rotating
ones (Tables 17, 18 and 19). At sub solar metallicities,
viceversa, the effect of rotation on the mass loss rate is
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Figure 7. Evolutionary tracks in the HR diagram of all the computed models during the core H burning phase at various
metallicities. Black dashed lines refer to non rotating models, green dotted and red lines to models with initial velocity
v = 150 km/s and v = 300 km/s, respectively.
negligible because of its steep dependence on the metal-
licity. Hence at sub solar metallicities also the rotating
models evolve essentially at constant mass, with the ex-
ception of the two most massive ones. These models
experience a pronounced redward excursion in the HR
diagram, approach the Eddington limit (when the effec-
tive temperature drops below Log Teff ∼ 3.9), enter a
phase of very strong mass loss that drives the ejection of
a substantial fraction of their H-rich envelope and even-
tually become WNL stars (Figure 7). Thus, in general,
the minimum mass entering the WNL stage during core
H burning decreases with increasing the metallicity and
with increasing the initial rotational velocity (see Tables
17-28).
In absence of rotation, the mixing of the matter occurs
only within the regions where the thermal instabilities
(convection) grow. On the contrary, in presence of ro-
tation an additional mixing occurs also in the thermally
stable (radiative) regions. The two main engines that
drive such a mixing are the meridional circulation and
the secular shear. The former instability dominates the
diffusion of the chemical composition in the inner part
of the radiative mantle, i.e., close to the outer edge of
the H convective core, while the secular shear controls
the mixing in the outer layers (see, e.g., Figure 5 in Chi-
effi & Limongi 2013). The main consequences of this
rotation driven mixing are: (1) the increase of the core
H burning lifetime, (2) the increase of the He core mass
at core H exhaustion and (3) the surface enhancement
of the 14N abundance.
Figure 8 shows the effect of the rotation induced mix-
ing on the size of the He core at core H depletion as
a function of the initial rotation velocity, for the var-
ious metallicities. The general trend is that, for any
fixed initial mass, the higher the initial rotation velocity,
the greater the MHe at core H depletion. This general
trend fails for those models in which mass loss is efficient
enough to reduce substantially the total mass of the star.
In particular the fast rotating solar metallicity models
with M > 40 M⊙ as well as the fast rotating ones with
[Fe/H]=-1 and mass M > 60 M⊙. Figure 9 shows the
effect of the metallicity on the size of the MHe at core H
depletion, for a fixed initial rotation velocity. It is worth
noting that stars with initial mass M < 25 M⊙ do not
show a significant dependence of the MHe on the initial
metallicity (at least in the range of initial rotational ve-
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Figure 8. Total mass (blue lines) and He core mass (red lines) at core H depletion as a function of the initial mass for
various metallicities and different initial rotation velocities, i.e., v = 0 km/s (dashed lines), v = 150 km/s (dotted lines) and
v = 300 km/s solid lines.
locities studied in this paper). More massive stars, vice
versa, show an increase of the MHe as the metallicity de-
creases (for both rotational velocities) because the lack
of a strong mass loss allow these stars to keep up to
the end of the H burning a convective core bigger than
that present in star that have lost a consistent amount
of mass.
An important aspect of rotating models that is worth
discussing is the temporal variation of the surface chem-
ical composition during the main sequence phase. Fig-
ures 10 and 11 show the effect of the metallicity on the
trend of the surface 14N abundance versus the current
equatorial rotational velocity during the core H burning
phase (the so called Hunter diagram). At solar metallic-
ity most of the stars show a quite smooth increase of the
surface 14N abundance coupled to a corresponding de-
crease of the surface equatorial rotational velocity. This
behavior is the consequence of the efficient loss of an-
gular momentum triggered by the strong stellar winds.
The only exceptions to this behavior are the two smaller
masses, namely the 13 M⊙ and the 15 M⊙, that show an
increase of 14N at almost constant equatorial rotational
velocity because of the modest loss of angular momen-
tum from the surface due to the weaker stellar wind.
Low metallicity models behave essentially like the 13
and the 15 M⊙ stars of solar metallicity. In fact, due
to the strong reduction of the mass loss with the met-
alliticy, in this case the increase of the surface 14N is
coupled to a modest reduction of the surface equatorial
velocity; a substantial change of the surface velocity oc-
curs only towards the end of the H burning, when the
surface abundance of 14N does not change any more. It
goes without saying that these different behaviors may
play a crucial role in the interpretation of the Hunter
diagrams. A more detailed study of this issue will be
addressed in a forthcoming paper.
Another key feature worth being discussed is the vari-
ation of the total angular momentum and its internal
distribution at the end of the core H burning phase.
Both these properties are the result of the combined
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Figure 9. He core mass at core H depletion as a function of the initial mass at various metallicities for models with initial
rotation velocity v = 150 km/s (left panel) and v = 300 km/s (right panel).
Figure 10. Ratio between the surface N abundance and the initial one as a function of the equatorial velocity during the core
H burning phase for solar metallicity rotating models. The dots with different colors mark the locations corresponding to a
given percentage of the total H burning lifetime (see the legend in the figure corresponding to the 20 M⊙ star model).
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Figure 11. Same as Figure 10 but for metallicity [Fe/H]=-2.
Figure 12. Total (cumulative) angular momentum (J) at core H ignition (black solid line) and at core H depletion (red solid
line) as a function of the interior mass (secondary y-axis) for solar metallicity models of 15 M⊙ (left panels) and 60 M⊙ (right
panels) with initial rotation velocities v = 150 km/s (upper panels) and v = 300 km/s (bottom panels). Also shown is the
difference, in percentage, between the total angular momentum at core H depletion and at core H ignition (∆ J, red dotted line)
as a function of the interior mass (primary y-axis).
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Figure 13. Same as Figure 12 but for models with initial metallicity [Fe/H]=-3.
effects of either the transport and the loss of angular
momentum. The present solar metallicity models lose
between ∼ 30% and ∼ 90% of their initial angular mo-
mentum during core H burning (see Figure 12). The
solid black and red lines show the internal (cumulative)
run of the angular momentum at H ignition and exhaus-
tion, respectively, for both the 15 and the 60 M⊙. As
expected, the larger the mass and the larger the initial
equatorial velocity the more efficient the angular mo-
mentum loss. The red dashed lines in the same Figure
show the run of the (cumulative) change (with respect
to the H ignition) of angular momentum (in percentage)
at the central H exhaustion. A comparison between the
two red dashed lines in the left panels (that refer to the
15 M⊙) shows that the amount of angular momentum
lost by the H exhausted core is almost independent on
the initial rotation velocity. This is easily understood
by reminding that in the convective zones we assume a
flat omega profile which implies the maximum possible
transport of angular momentum. Also the 60 M⊙ with
v=150 km/s behaves similarly to the two 15 M⊙, while
the 60 M⊙ rotating initially at 300 km/s shows a much
more pronounced reduction of angular momentum in the
H exhausted core. This is due to the very efficient mass
loss that this star experiences in H burning. At lower
metallicities the strong decrease of the stellar wind in-
hibits the loss of angular momentum, as a consequence
these models do not lose a substantial amount if angu-
lar momentum (see Figure 13). Note, however, that also
in this case the presence of a convective core forces the
angular momentum present in the H exhausted core to
drop by an amount quite similar to that lost by the more
metal rich stars.
4.2. Core He burning
The evolutionary track of a massive star beyond
the central H burning depends on a complex interplay
among several factors: (1) the He core that contracts
towards a new quasi equilibrium configuration powered
by the 3α nuclear reactions, (2) the H rich mantle that
expands towards a Red SuperGiant (RSG) configura-
tion, (3) the actual He core mass and (4) the amount of
mass the star loses during this phase. Figure 14 shows
the full HR diagram for all our models: the green trian-
gles and red filled dots mark the beginning and the end
of the central He burning phase, respectively. Before
discussing Figure 14 let us remark that the capability of
the mantle of the star to expand (and therefore to be-
come red giant) on a thermal or on a nuclear timescale
depends on many factors including, e.g., the adoption of
the Schwarzchild or the Ledoux criterion in the region
of variable H abundance left by the receding H con-
vective core, the opacity of the mantle, and so on. As
a consequence, at present, this behavior is still poorly
understood.
At [Fe/H]=0 all the non rotating models evolve to-
ward their Hayashi track on a thermal timescale and
therefore they start the core He burning as RSGs, the
only exception being the 120 M⊙ that loses enough mass
to become a WR star already during core H burning.
During this redward excursion stars with M & 40 M⊙
approach the Eddington luminosity, at Log(Teff) ∼ 3.7),
lose a substantial fraction of the H-rich envelope, evolve
to a Blue SuperGiant (BSG) configuration and become
WRs (Table 17 shows the time spent by each mass in
the various WR subclasses). Less massive stars, on the
contrary, reach their Hayashi track and cross the crit-
ical temperature for the dust driven wind to become
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Figure 14. Evolutionary tracks of all our models in the HR diagram. The various symbols mark: the central He ignition (green
triangles), the central He exhaustion (red dots) and the final position at the time of the core bounce (black star).
efficient. However, within this mass interval, only stars
with M & 15 M⊙ enter this stage with a central He
abundance high enough to have time to lose a consis-
tent amount of mass. When a substantial fraction of
the H-rich envelope has been lost, these stars deflate to-
wards a BSG configuration and become WR stars. Stars
with M . 15 M⊙ remain RSGs during the whole core
He burning phase. Therefore, at solar metallicity, we
predict a population of RSGs up to an initial mass of
M ∼ 40 M⊙ (corresponding to a maximum luminosity
Log(L/L⊙) ∼ 5.7) and a minimum mass for the WR
stars of M ∼ 20 M⊙.
At [Fe/H]=-1 non rotating stars with M & 60 M⊙
quickly expand after the central H exhaustion but never
reach their Hayashi track because they lose an enormous
amount of mass when they exceed their Eddington lumi-
nosity (at Log(Teff) ∼ 3.7 − 3.8) and then become WR
stars (see Table 20). Stars in the range ∼ 30 − 60 M⊙
ignite and burn He as BSGs without entering at all the
WR phase because of the modest mass loss. Stars with
M . 30 M⊙ ignite and burn He as RSGs, but none
of them crosses the threshold temperature for the con-
densation of dust, hence they remain RSGs during the
whole core He burning phase. Therefore, at this metal-
licity, we predict a population of RSGs up to an initial
mass of M ∼ 25 M⊙ (corresponding to a maximum lu-
minosity Log(L/L⊙) ∼ 5.5) and a minimum mass that
enters the WR stage of M ∼ 80 M⊙.
At [Fe/H]=-2 and -3 all the non rotating stars ignite
and burn He in the core as BSG. For these metallici-
ties, therefore, we do not expect neither RSGs nor WRs
during this phase.
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Summarizing the results discussed so far, we pre-
dict the core He burning non rotating models to pop-
ulate the RSG branch with stars of mass M . 40 M⊙
(Log(L/L⊙) . 5.7) at [Fe/H]=0 and M . 25 M⊙
(Log(L/L⊙) . 5.5) at [Fe/H]=-1. No star becomes a
RSG at [Fe/H]=-2 and -3. The minimum mass that en-
ter the WR stage during this phase is M ∼ 20 M⊙ at
[Fe/H]=0. No WR star is expected at lower metallici-
ties.
Turning to the evolution of the interior, core He burn-
ing occurs, as it is well known, in a convective core that
advances progressively in mass until it vanishes at core
He depletion. As a consequence a very steep He profile
forms at a mass coordinate corresponding to the max-
imum extension of the convective core. Such a ”typi-
cal” behavior fails when mass loss is strong enough to
drive the complete ejection of the H rich mantle and to
erode part of the He core. Since the properties of the
He burning depend mainly on the actual He core mass,
if the He core reduces, while the central burning is still
active, (1) the He convective core progressively shrinks
in mass leaving a region of variable chemical composi-
tion; (2) the surface luminosity progressively decreases;
(3) the core He burning lifetime increases; (4) the CO
core mass at the end of the He burning reduces while the
12C mass fraction increases. Since all these effects are
driven by mass loss, they tend to progressively disappear
as the initial metallicity decreases. Figure 15 shows the
CO core mass as a function of the initial mass at core
He exhaustion for the four metallicities. As expected,
the CO core scales directly with the initial mass at all
four metallicities. Similarly to the trend shown by the
He core (see Figure 9), the MCO −Mini relation is ba-
sically independent on the initial metallicity when mass
loss does not erode the He core mass. Therefore only
the solar metallicity stars of mass M > 40 M⊙ show an
evident bending due to the decrease of the He core mass.
The inclusion of rotation makes the picture discussed
so far even more complex because its effect on the evo-
lution of a star depends on the mass and the metallicity.
As in the non rotating case, at [Fe/H]=0 we can iden-
tify ranges of models that (1) become WR during the
core H burning phase and hence burn He in the core as
BSGs; (2) approach their Eddington luminosity during
the redward excursion, evolve toward a BSG configu-
ration and burn He in the core as WR stars; (3) ap-
proach their Hayashi track, enter the dust driven wind
stage and then turn again to the blue, sometime dur-
ing the He burning phase. The basic rule is that the
higher the initial rotation velocity the lower the limiting
masses that divide these three mass intervals (Tables 6,
7). Note that, for this metallicity, all rotating models
Figure 15. MCO −MINI relation for the four metallicities.
The horizontal dashed line marks the mass limit above which
a star enters the pair instability regime ad explodes as Pair
Instability Supernova
end their He burning lifetime as WR stars since in this
case even the two smaller masses are pushed beyond the
threshold temperature for dust formation early enough
to have time to lose a large part of their mantle and turn
again towards the blue (Tables 17, 18, 19).
At metallicities [Fe/H] ≤ −1 the quite complex inter-
play between metallicity and rotation does not lead any
more to a strictly monotonic trend with the mass. We
can identify models that (1) move redward toward the
Hayashi track on a thermal timescales, lose a substantial
amount of mass because they approach their Eddington
luminosity, turn to the blue and burn He as WR stars
(Tables 21, 22); (2) ignite He as BSGs, move redward
while core He burning goes on, become RSGs, turn to
the blue sometime during core He burning and become
WR stars; (3) ignite He as BSG, move redward on a
nuclear timescale, reaching eventually the RSG phase
when the central He abundance is more than halved;
(4) ignite and burn He as RSGs. The basic rule in this
case is that, on average, the limiting masses that divide
the above mentioned mass intervals decrease by increas-
ing the initial rotation velocity and by decreasing the
initial metallicity (Tables 9, 10). Note that at these
metallicities no model crosses the temperature thresh-
old (van Loon et al. 2005)) for the activation of the mass
loss due to the dust formation.
As in core H burning, also in core He burning the
interplay among convection, meridional circulation and
shear turbulence drives the outward transport of angular
momentum and mixing of the chemicals.
A quantitative determination of the variation of the
angular momentum contained in the He core in this
phase depends on the definition of the He core mass.
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Figure 16. Variation (in percentage) of the total amount
of angular momentum stored in the He core, during core
He burning, for the solar metallicity case, computed for two
different definitions of the He core mass. The red line refers
to the case in which the He core mass is defined at each time
at the mass location where the maximum of the H nuclear
burning occurs while the black one refers to the case in which
the He core mass is fixed at the beginning of the central He
burning and kept constant in time.
Figure 16 shows the variation of the amount of angu-
lar momentum in the He core for the solar metallicity
case and initial velocity 300 km/s. The two lines corre-
spond to two different choices for the He core mass. If
we choose as the He core the amount of mass contained
within the H burning shell, we obtain the red line in the
Figure. In this case, the progressive advance of the burn-
ing shell adds continuously new mass, and hence angu-
lar momentum, to the He core and this increase is much
larger than the amount of angular momentum that flows
from the center outward. However stars more massive
than 20 M⊙ lose a consistent fraction of their He core
mass through the wind and this phenomenon prevails
in determining the amount of angular momentum left
in the He core. If, vice versa, we fix the He core mass
just at the beginning of the He burning and compute
during the whole He burning phase the total amount of
angular momentum contained within this mass, the sce-
nario changes completely (black line in Figure 16). In
this case the angular momentum always reduces because
the mass is fixed and the angular momentum fluxes out-
ward. Note that above 20 M⊙ the red and black lines
converge because in both cases the angular momentum
present in the He core is dictated by the mass loss. At
subsolar metallicities the amount of angular momentum
that fluxes outward through a fixed He core mass is quite
similar to the solar case, so that the decrease of angular
momentum varies between 40% and 10% in the range
13 to 25 M⊙. The decrease of the angular momentun
in the more massive stars, similarly to what happens
in the solar case, depends on the efficiency of the mass
loss. Though rotating massive stars enter the instability
region where L/Ledd>1 and therefore lose a large frac-
tion of their envelope, they do not lose as much mass as
their solar counterparts so that also the total amount of
angular momentum left in the He core at the central He
exhaustion increases moderately as the initial metallic-
ity reduces.
The mixing of the chemicals due to the rotation
induced instabilities has essentially two basic conse-
quences: (1) the increase of the CO core mass and (2)
the exchange of matter between the two active burning
regions, i.e., the He convective core and the H burning
shell.
Figure 18 shows the trend of the CO core mass (left y-
axis) as a function of the initial mass for the three initial
velocities as solid lines. Each of the four panels refers
to a specific [Fe/H]. The dotted lines in the same Fig-
ure show the percentage difference between non rotating
and rotating models, i.e. (MrotCO −M
norot
CO )/M
norot
CO (right
y-axis). The blue lines refer to vini=150 km/s while the
red ones to vini=300 km/s. The two dotted lines clearly
show that, in almost all cases, rotation increases the CO
core mass and that the smaller the mass the larger the
increase. Such a trend is due to the combination of ba-
sically two effects: a) the He burning lifetime scales in-
versely with the He core mass (and hence, in most cases,
the initial mass) so that the smaller the He core mass the
longer the secular instabilities may operate, and b) the
trend with the mass is performed on models computed
with a constant initial equatorial rotation velocity (see
the comment at the beginning of section 4). The general
direct scaling of the CO core with the initial rotation ve-
locity fails when the He core mass is eroded by mass loss.
In these cases the core feels a smaller He core mass and
the convective core shrinks accordingly. At [Fe/H]=0
and [Fe/H]=-1 the most massive rotating stars lose much
more mass than their non rotating counterparts and this
explains why in these cases the final CO core scales in-
versely with the initial rotation velocity. At solar metal-
licity, rotation roughly doubles the CO core mass of the
less massive stars but its influence on MCO progressively
reduces as the mass increases, becoming almost negligi-
ble for stars with M ≤ 40 M⊙. In the more massive
models with initial rotation velocity v = 300 km/s, the
global effect of mass loss overcomes the effect of rota-
tion, resulting in a reduction of CO core mass in ro-
tating models up to ∼ 30 − 40 % for the 120 M⊙. At
metallicities lower than solar, mass loss reduces dramat-
ically and therefore its effect on the CO core mass be-
comes progressively negligible. The spread in the CO
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Figure 17. CO core mass as a function of the He core mass
for all the computed models.
core mass-initial mass relations evident in the four pan-
els of Figure 18 (due the variation of both the initial
metallicity and velocity) vanishes if the CO core mass
is ranked as a function of the He core mass (Figure 17).
The reason is obviously that the evolution of the star
after core He depletion is essentially driven by the mass
of the He core. Figure 17 shows that CO core masses
larger than 35 M⊙ correspond to He core masses larger
than 45 M⊙, which is roughly the minimum mass enter-
ing the pulsation pair instability regime, as reported by
(Heger & Woosley 2002). Let us note that this value has
been adopted also by (Chatzopoulos & Wheeler 2012;
Yoon et al. 2012; Georgy et al. 2017) for their works on
pair instability supernovae.
An obvious consequence of the increase of the CO core
with rotation is that the minimum mass entering the
pair instability regime reduces as the initial rotation ve-
locity increases (yellow area in Figure 18).
The diffusion of the chemicals between the He convec-
tive core and the H burning shell, induced by the ro-
tation driven mixing, changes profoundly the chemical
composition of the He core. In fact fresh 12C synthesized
in the core He burning is diffused up to the H burning
shell where it is quickly converted not just into 14N but
in all the CNO nuclei, whose relative abundances are
dictated by the temperature of the H shell. This means
that all the nuclei involved in the CNO cycle are actually
increased by this interplay. The fresh CNO nuclei, and
in particular 14N, plus fresh He, are brought back to-
wards the center. The 14N diffused back in the center is
quickly converted into 22Ne first and then into 25,26Mg,
becoming therefore an efficient primary neutron source.
It must not be ignored that also the He brought to-
wards the center plays an important role since it favors
the conversion of 12C into 16O, lowering therefore the
final 12C/16O ratio in the CO core.
Figure 19 shows the central abundance of 12C at the
central He exhaustion for all the models of our grid as
a function of the CO core mass. The effect of the rota-
tional induced mixing on the amount of 12C left by the
He burning is readily visible in the large spread of abun-
dances present at the lower CO core masses. The spread
reduces progressively as the CO core mass increases be-
cause both the timescale over which the instabilities may
operate reduces (because the He burning lifetime scales
inversely with the CO core mass) and because we chose
a constant initial rotation velocity as a function of the
mass (see section 4).
An easy way to quantify the efficiency of the rota-
tion induced mixing in increasing the initial global abun-
dance of the CNO nuclei, is that of defining the following
quantity (see, e.g., Chieffi et al. 1998):
χ(N,Mg) =
X(14N)
14
+
X(18F)
18
+
X(18O)
18
+
X(22Ne)
22
+
X(25Mg)
25
+
X(26Mg)
26
Such a total abundance (by number) remains constant
in non rotating stars during the central He burning be-
cause the 14N (the most abundant of the CNO nuclei at
the central He ignition) left by the H burning may only
evolve through the sequence that leads at most to the
synthesis of 25,26Mg, keeping unaltered the total sum (by
number) of these nuclei all along the central He burning
phase.
Vice versa, if fresh 14N is brought in the convective
core, the χ(N,Mg) parameter necessarily increases. Fig-
ure 20 shows the variation of χ(N,Mg) during the core
He burning (∆χ(N,Mg)He−burn) for all the models with
initial rotation velocity v = 300 km/s as a function of
the initial metallicity. The figure clearly reveals the ex-
istence of two different behaviors: (1) in stars with mass
M < 40 M⊙, ∆χ(N,Mg)He−burn does not show a mono-
tonic dependence on the metallicity but the maximum
variation remains confined within a factor of ∼ 7 (the
only exception being the 13 M⊙ models, left panel in
Figure 20), and (2) in stars with mass M ≥ 40 M⊙,
on the contrary, ∆χ(N,Mg)He−burn scales inversely with
the initial metallicity and shows a larger variation up to
a factor of ∼ 20 (right panel in Figure 20). It is worth
noting, however, that the range of metallicity over which
the variation of ∆χ(N,Mg)He−burn is evaluated, spans 3
orders of magnitude. The origin of the different behav-
ior shown in Figure 20 is difficult to understand because
the efficiency of the rotation driven mixing depends, in
general, on the diffusion coefficients for the shear insta-
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Figure 18. The four panels show, for each initial metallicity, the MCO −MINI relation obtained for the non rotating (black)
and the rotating cases, 150 km/s (blue) and 300 km/s (red), as solid lines (left Y axis). The dashes lines show the percentage
difference (DM/M) between rotating and non rotating MCO (right y axis).
bilities and the meridional circulation (see eqs. 2 and
5 in Chieffi & Limongi 2013 and eq. 4.3 in Maeder &
Zahn 1998) that, in turn, depend in a very complex way
on many interior properties of the He core among which,
the local value of the angular velocity and its gradient,
the mass and the extension of the He core, the mean
molecular weight gradient, the difference between the
radiative and the adiabatic gradients and so on. In ad-
dition to that, mass loss may play a crucial role in the
primary 14N production. In fact, if mass loss is efficient
enough to remove all the H-rich envelope, it cancels out
the engine (i.e. the H burning shell) needed to con-
vert 12C into 14N. Such an occurrence does not imply
that the central value of χ(N,Mg) cannot increase any-
more (because the radiative part of the He core is in
any case still very 14N-rich) but simply that its increase
is reduced with respect to the one the star would have
without the removal of the H shell. Of course the earlier
such a removal occurs the earlier the conversion of 12C
into 14N stops. This phenomenon becomes progressively
more important as the mass and metallicity increase be-
cause of the direct scaling of the efficiency of mass loss
with these two quantities. As we have mentioned above,
the primary 14N production may have important conse-
quences on the synthesis of the s-process nuclei at var-
ious metallicities - we will address this issue in section
5.1.
Once He is exhausted in the center, the CO core starts
contracting again while the He burning shifts in a shell
where a He convective shell forms. If mass loss did not
erode the He core during the central He burning, or if the
star did not rotate, the He convective shell forms above
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Figure 19. Central 12C abundance at the core He exhaus-
tion for all the models of our grid as a function of the CO
core mass
the He discontinuity left by the progressive advance of
the convective core, in a region with a flat He profile
where no products of the He burning are present. Vice
versa, if mass loss was efficient enough to erode the He
core mass while the star was still in central He burning
or rotation induced mixing modified the chemical com-
position of the intershell, the He convective shell forms
in a region that has a pronounced He profile left over by
either the receding He convective core (if the He core is
reduced by mass loss) or determined by the continuous
exchange of matter between the convective core and the
H shell burning (in rotating models).
4.3. Advanced nuclear burning stages
In the previous section we showed that all models that
develop a CO core at core He depletion more massive
than ∼ 35 M⊙ enter the pair instability regime. This
occurs when the adiabatic index Γ1 drops below∼ 4/3 in
a substantial fraction of the core that therefore becomes
unstable. This instability is usually encountered in core
O burning, but it may also occur either in core C burning
or core Si burning, depending on the physical conditions
of the interior of the star. Once the instability sets in, we
stop the calculations; in the following we will describe
the evolutionary properties of all the models that do not
enter the pair instability regime.
Rotation (at least in the range of initial rotation ve-
locities considered in this paper) does not affect signifi-
cantly the evolutionary properties of a star beyond the
He burning because: (1) the timescales over which the
rotation instabilities operate are much longer than the
advanced evolutionary timescales, so that they do not
have enough time to operate; (2) the local gravity in
the core dominates over the centrifugal force preserv-
ing therefore a quasi spherical shape (see CL13). Also
the initial metallicity does not play any direct role in
the physical evolution of a star in the advanced burning
phases because all the relevant nuclear reactions involve
primary nuclei. In other words the evolution of a star
in the advanced burning phases is not linked any more
to its initial mass, metallicity and initial rotation veloc-
ity, but it is controlled essentially by the mass of the CO
core (that to all effects plays the role of the ”total” mass)
and the amount of 12C left by the core He burning (the
main fuel that powers both the C and the Ne burning).
The role of the initial metallicity and rotation velocity
influence the advanced burning only through their ca-
pability of modifying the mass of the CO core as well as
the abundance of 12C at the end of core He burning.
As already discussed in the previous section, there is a
quite tight correlation between MCO and the
12C left by
core He burning for MCO ≥ 15 M⊙ or so, the reasons
being either the fact that in any case the 12C/16O ratio
scales inversely with the size of the He core mass and
also because the choice of an initial rotation velocity in-
dependent on the mass implies a progressive reduction
of the effects induced by rotation as the initial mass
increases. For these core masses, therefore, the only pa-
rameter that controls the advanced burning phases is the
CO core mass. Stars that develop MCO ≤ 15 M⊙, vice
versa, cannot be ranked just in term of the mass of the
CO core but they constitute a family of models each of
which depends on two not much correlated parameters.
Since the compactness of a star at the beginning of
the collapse scales directly with the CO core mass and
inversely with the 12C abundance left by the He burn-
ing, and since both Figures 18 and 19 show that in most
cases the CO core mass scales inversely with the initial
metallicity and directly with the initial rotation velocity,
we can conclude that a reduction of the initial metallic-
ity and/or an increase of the initial rotation velocity
produce, in general, more compact cores.
The compactness of a star at the presupernova stage is
a fundamental property that influences the dynamics of
the core collapse and the following explosion. In the past
we usually discussed the compactness of a star in terms
of the mass-radius relation (or density profile) at the pre-
supernova stage. In the last years it has become very
popular the use of a single or few parameters to describe
such a property. For example O’Connor & Ott (2011)
define the compactness by means of the parameter ξ2.5 =
Mi(M⊙)/Ri(10
3 km)|i=2.5 M⊙ , while Ertl et al. (2016)
by means of the two parametersM4 and µ4 (their equa-
tions 2 and 3). Just as an example we show in Figure 21
how the ξ2.5 parameter, evaluated at the presupernova
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Figure 20. Scaling of ∆χ(N,Mg)He−burn (see text for the definition of this parameter) with the initial metallicity for models
of initial rotation velocity v = 300 km/s.
Figure 21. Plot of the compactness parameter ξ2.5 =
Mi(M⊙)/Ri(10
3 km)|i=2.5 M⊙ as a function of MCO for all
models, rotating or not.
stage, scales with the CO core mass. It is interesting
to note that this Figure 21 shows that a rather tight
relation between the ξ2.5 and the CO core mass. Such
a tight relation becomes much more scattered if the ξ2.5
parameter is ranked as a function of the initial mass
(Figure 22).
While the dramatic shortening of the lifetimes of the
advanced evolutionary stages, determined by the enor-
mous neutrino energy losses due to the pair production,
largely inhibits any transport of the angular momen-
tum in the radiative zones, in the convective regions
we assume that the angular momentum transport is so
efficient that we impose a flat profile of the angular ve-
locity. Note that, in all models of the present grid, no
convective region crosses the outer edge of the CO core,
therefore the total angular momentum stored in the CO
core will remain constant up to the onset of the iron core
collapse.
Figure 22. Same as Figure 21 but now as a function of the
initial mass.
The surface properties (luminosity, radius and chem-
ical composition) of a massive star at the time of the
explosion is an important theoretical prediction since
they are an ”observable”, in the sense that they control
the way in which the supernova will appear to the ob-
server (as a Type II, IIb, Ib etc). The black stars in
Figure 14 mark the positions of the models at the pre-
supernova stage, in the HR diagram. Note that in some
cases stars move, even substantially, from their position
at core He exhaustion (red dots). Table 29 summarizes
the main properties of all the presupernova models of
the present grid. The various columns refer to: the ini-
tial mass (column 1); the amount of H in the envelope
(column 2); the amount of He in the envelope (column
3); the mass of the iron core (column 4), defined as the
mass coordinate corresponding to the sharp drop of the
electron profile below ∼ 0.49; the binding energy of the
mass above the iron core (column 5); the compactness
parameter ξ2.5 (column 6); the angular momenta con-
tained within the iron core (column 7), the CO core
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(column 8), the He core (column 9), the inner 1.5 M⊙
(column 10) and the inner 2.0 M⊙ (column 11); the ex-
pected SN type, according to the classification suggested
by Hachinger et al. (2012).
On the basis of all the results discussed so far we pre-
dict that at solar metallicity and vini = 0 stars less
massive than 20 M⊙ explode as RSGs while the more
massive ones as WR stars. The relative numbers among
the WNL, WNE, WNC and WC obviously depend on
the total amount of mass lost: the present set of mod-
els predicts a much larger number of WNE and WC
with respect to the WNL and no WNC. According to
the supernova classification of Hachinger et al. (2012),
we predict that the maximum mass exploding as SNIIP
ranges between 15 < MIIP < 20 M⊙, while stars more
massive than MIb ∼ 20 M⊙ explode as SNIb. We can-
not determine (for any initial metallicity) the range of
masses that explode as Type IIb because they are inter-
mediate between the SNIIP and the SNIb and our grid
is not refined enough to allow us to determine their mass
interval. At [Fe/H]=-1 mass loss reduces and hence the
maximum mass that explodes as a RSG increases up
to a mass in the range 60 < MIIP < 80 M⊙, the more
massive stars reaching the collapse as either WNL or
WC and exploding as a SNIb. At this metallicity the
minimum mass that becomes a PISN ranges between
100 < MPISN < 120 M⊙. At [Fe/H] ≤ −2, mass loss re-
duces so much that no star loses a large fraction of its H
rich mantle, and hence no star becomes WR. Stars less
massive than ∼ 25−30 M⊙ explode as RSGs while stars
above this limiting value explode as BSGs. At these low
metallicities all stars explode as SNIIP. The minimum
mass exploding as a PISN ranges now between 60 and
80 M⊙.
Rotation favors the redward evolution at the end of
the central H burning and in many cases it also pushes
stars above the Eddington luminosity, strongly enhanc-
ing mass loss. Hence on one side it increases the max-
imum mass that explodes as a RSG but it also lowers
the minimum mass that enters the WR stage, squeezing
therefore the range of masses that reach the core collapse
as BSG. Note, however, that the interplay between ro-
tation and mass loss has a complex and non monotonic
impact on the expected number of the various types of
WR supernovae and that, in any case, at variance with
the non rotating case, it allows some progenitors to ex-
plode as WNC stars. As a general trend, at any given
initial metallicity both MIIP and MIb reduce as the ini-
tial rotation velocity increases. Also the minimum mass
that explodes as PISN decreases as the rotation velocity
increases because of the direct scaling of the CO core
mass with the rotation velocity (see above).
5. THE YIELDS
The chemical composition of the ejecta of each stel-
lar model after the explosion has been computed as de-
scribed in CL13. Since this approach is not based on
first principles, a proper calibration of the explosion is
necessary. Such a calibration is obtained by requiring
the fit to some observable, typically the amount of 56Ni
ejected and/or the final kinetic energy of the ejecta. The
choice of the calibration is crucial because it directly af-
fects the location of the mass cut and hence the yields
of many nuclei (basically those produced by the explo-
sive burning). In our previous set of models (CL13), the
yields were computed by assuming that all stars eject
0.1 M⊙ of
56Ni. In this paper, vice versa, we computed
three different set of yields obtained for different choices
of the mass cut in order to show which is the conse-
quence of one or another choice (other calibrations may
be provided upon request). The first set of yields (set
F) is obtained as in our previous paper, i.e. assuming
that the stars eject a fixed amount of 56Ni - 0.07 M⊙
in this case. The second one (set M) is obtained by
adopting the mixing and fall back (MFB hereinafter)
scheme (Umeda & Nomoto 2002): for each star the in-
ner border of the mixed region is fixed by requiring that
[Ni/Fe]=0.2 and the outer one is fixed at the base of the
O burning shell; the mass cut is then chosen by assuming
once again that each star ejects 0.07 M⊙ of
56Ni. The
third set (set R), which is our recommended one, is ob-
tained by assuming that all the stars in the range 13-25
M⊙ behave like those in set M, while those more massive
than 25 M⊙ fully collapse to a black hole and therefore
their yields include only the stellar wind. Note that also
the yields of the stellar models that become PISN con-
tain only the wind because we could not follow their
evolution once they entered the pair instability regime
(see above).
Let us start the analysis of the yields by showing the
relative contributions of the stars in the ranges 13 ≤
M/M⊙ ≤ 25 (LINT) and 25 < M/M⊙ ≤ 120 (UINT)
to the total yields integrated over a standard Salpeter
IMF (i.e. having the slope x=1.35). Figure 23 shows,
for set M, the relative contributions of the LINT (solid
bars) and UINT (hatched bars) groups to the yield of
each element. The color coding identifies the elements
which are under-, co- and over- produced with respect
to O: those moderately under-produced with respect to
O (−0.6 ≤ [X/O] < −0.3) are marked green, the ones
more or less co-produced with O (−0.3 ≤ [X/O] ≤ 0.3)
are in blue while those over-produced with respect to O
([X/O] > 0.3) are red. The elements which do not have
any bar are those severely under produced with respect
to O and therefore the ones for which it is irrelevant to
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Figure 23. Relative contributions of the stars in the ranges 13 ≤ M/M⊙ ≤ 25 (solid bars) and 25 < M/M⊙ ≤ 120 (dashed
bars) to the total yields integrated over a standard Salpeter IMF (x=1.35). The elements under produced with respect to
Oxygen by a factor between 0.25 and 0.5 are marked green, those co produced (i.e. in the interval 0.5 and 2) are blue while
those overproduced (i.e. more than a factor of 2) are red. The missing bars mean that the corresponding elements are largely
underproduced (less then 0.25) with respect to O.
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determine which mass interval contributes most to their
yields. O is adopted as the leading element because it is
either the most abundant element after H and He and
it is also almost exclusively produced by massive stars.
Let us remind that if we define PFX as the production
factor of a given element ”X” averaged over a Salpeter
IMF between 13 and 120 M⊙, the [X/O] ratios are sim-
ply the Log10(PFX) vertically shifted by Log10(PFO)
(with a minor correction due to the enhancement of
the alpha elements) and hence that the [X/O] basically
share the same properties of the PFs: in particular they
directly show which elements are produced by massive
stars and which don’t (clearly all the elements that have
[X/O] close to zero are co-produced with O and hence
are produced mainly by massive stars). Obviously a
flat distribution of the PFs produced by a generation of
stars would imply that their ejecta preserve the relative
scaling of the initial composition.
In absence of rotation (first, third, fifth and seventh
panel in Figure 23), the LINT group contributes to the
synthesis of the elements C to Ni between ∼ 20 − 50%
in most cases. Elements between the Fe peak and the
first neutron closure shell are produced preferentially by
the UINT group down to [Fe/H]=-1, while they are ba-
sically not produced by massive stars at lower metallic-
ities. No element beyond the first neutron closure shell
is produced by non rotating massive stars.
Figure 24. Comparison among the [X/O] obtained for the
three different sets of yields, F (red), M (green) and R (blue),
non rotating solar metallicity stars. See text for the defini-
tion of the three sets.
Figure 24 shows a comparison among the [X/O] ob-
tained in the three set, F (red) - M (green) - R (blue), for
the solar metallicity non rotating models. This Figure
shows that in a scenario in which all the stars eject 0.07
M⊙ of
56Ni (set F - red dots), the intermediate mass
elements, i.e. elements from O to Ca, are basically co-
produced with O and hence produced by massive stars.
Figure 25. Same as Figure 24 but for [Fe/H]=-3
F, Mg, Cl and K are the only ones significantly under
produced with respect to O but, while F may be prob-
ably produced by the intermediate mass stars, Mg, Cl
and K could in principle constitute a problem because
no other source for their production has been identi-
fied so far. The block of the Fe peak nuclei (Sc-Zn)
are significantly (and correctly) under produced with re-
spect to O, since they are mainly produced by the SN Ia.
The [X/O] of the elements Ga to Zr, the so called weak
component, are more or less co-produced with O, the
only exceptions being Ga and As that are slightly over-
produced, this result confirming the general belief that
massive stars contribute significantly to the synthesis of
these elements. The [X/O] of all the elements heavier
than Zr drop quickly well below zero, which means that
they are not produced by massive stars.
A comparison between set F (red) and M (green) in
Figure 24 shows the effect of the MFB, at least in the
framework of the parameters (inner and outer borders of
the mixed zone and final mass cut) described above. The
differences between the two set are obviously confined
to the elements mainly produced in the more internal
zones by the explosive burning. In particular the [X/O]
of Si (28Si), S (32S), Ar (36Ar), Ca (40Ca), Ti (48Cr),
V (51Mn), Cr (52Fe) and Mn (55Co) decrease in set M.
By the way, in parenthesis we report either the most
abundant isotope of that element if it is synthesized di-
rectly, or its parent isotope if it is fed from the decay of
another isotope. The reason for such a decrease is that
these elements are mostly synthesized by the incomplete
explosive Si burning and/or explosive O burning, in re-
gions more external than those where 56Ni is produced.
Therefore, the MFB mechanism spread them back in a
region that remains locked in the remnant. Ni, on the
contrary, shows an opposite behavior, its [X/O] slightly
increasing in set M. The reason is that Ni (58Ni) is ba-
sically produced by the complete explosive Si burning,
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in zones more internal than those where 56Ni is synthe-
sized, and in this case the effect of the MFB is to mix
some 58Ni from the region where it would be locked in
the remnant into the one that is then ejected, raising
therefore its yield. It is worth noting that the odd-even
effect, usually interpreted in terms of initial metallicity,
is actually significantly affected by the possible presence
of MFB. In fact, while the yields of the α elements Si, S,
Ar and Ca are lowered by the MFB (see above), the ones
of P, Cl (35Cl) and K (39K) remain basically constant
because they are mainly synthesized (at solar metallic-
ity) in the C convective shell which is not affected by
the MFB. For sake of completeness let us remind that
the other, much less abundant, isotopes of Cl and K,
namely 37Cl, 40K and 41K, are mainly produced by the
He burning. Sc and Co deserve a specific comment be-
cause they are usually considered elements produced by
the explosive burning (and hence they should be affected
by the MFB) while, on the contrary, both elements have
an important (secondary) contribution from the hydro-
static burning. Sc is produced either as 45Ti by the
explosive O burning, and as 45Sc and 45Ca in the shell
C burning (plus a minor contribution from the He shell)
via neutron captures. Also Co has a double produc-
tion site, being synthesized either as 59Cu by the com-
plete explosive Si burning and directly as 59Co by the
hydrostatic He and C burning (again via n captures).
At solar metallicity, the presence of a strong neutron
flux favors the hydrostatic production (in the C and He
shells) of both these nuclei with respect to the explo-
sive one. Since the C and He burning shells are not
affected by the MFB, this explains why these elements
are not significantly affected by the presence or not of
the MFB. A comparison between set M (green) and R
(blue) shows the influence of the stars more massive than
25 M⊙ on the distribution of the [X/O]. The most evi-
dent effect of the choice that all the stars more massive
than 25 M⊙ fully collapse to a remnant contributing
to the yields only through the wind (set R) is that the
overproduction of some elements of the weak component
disappears. The reason is clearly due to the fact that
these nuclei, mainly produced in the C convective shell
of the more massive stars, remain locked in the remnant
in this case. Vice versa most of the intermediate mass
elements have [X/O] systematically higher (and closer
to 0) than those of set ”M” because the more massive
stars contribute more to the yield of the O than to the
yields of the intermediate mass nuclei.
Figure 25 is the analogous of Figure 24 but for
[Fe/H]=-3. As expected, set F (red) shows a quite
flat distribution of the even nuclei between C and Ca
because of their primary origin and a consistent odd-
even effect due to the low metallicity; elements be-
yond the Fe peak are not produced at all because of
the negligible neutron flux present at this low metal-
licity (Chieffi & Limongi 2004; Prantzos et al. 1990;
Raiteri et al. 1992, 1993). The effect of the MFB (set
M, green color) on the [X/O] is qualitatively similar to
that seen at solar metallicity. In this case, however,
we find also a substantial increase of the abundances
of Co, Ni (58Ni), Cu (63Cu) and Zn (64Ge). The rea-
son is that these nuclei have a composite production,
either explosive and hydrostatic. The hydrostatic com-
ponent is mainly due to the core He burning, while the
explosive one is due to the complete explosive Si burn-
ing (as it has already discussed above in the case of
Co). As the initial metallicity reduces, the hydrostatic
component, basically of secondary origin, progressively
vanishes leaving therefore full visibility to the explosive
one, which is mainly of primary origin. The effect of
the MFB on these elements is therefore similar to the
one already discussed for Ni at [Fe/H]=0. The lack of
the contribution of the more massive stars (set R, blue)
systematically raises, also at sub solar metallicity, the
[X/O] of all the elements with respect to those of set M
because of the steeper scaling of the yield of O with the
mass than that of most of the other elements.
Rotation changes the scenario depicted above. The
first thing worth noting is that the contribution of the
LINT group to the total yield of most elements increases
in rotating models at any metallicity. This is clearly vis-
ible in Figure 23 by comparing the four pairs of panels.
This result is the consequence of the fact that we chose
to adopt the same initial rotation velocity for all the
masses of each given generation of stars. In fact, as it
has already been mentioned above, since the effects of
rotation scale directly with v/vcrit and this parameter
scales inversely with the initial mass (Figure 4), the ef-
fects of rotation scale inversely with the initial mass. If
we now consider that rotating models (on average) have
larger yields than their non rotating counterparts (either
because they develop larger He core masses and because
of the formation of a primary neutron source), it turns
out that the LINT group is more affected by rotation
than the UINT group and therefore it tends to prevail
in rotating models.
Keeping this in mind, Figure 26 shows in the upper
panel a comparison between the [X/O] obtained for non
rotating (red dots) and rotating (300 km/s, green dots)
models, for set M and solar metallicity. In this case most
of the [X/O] show a very modest dependence on the ro-
tation velocity, with the exception of F and the weak
component that are enhanced because of the presence
of a primary source of neutrons. It is worth noting that
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Figure 26. Upper panel: comparison between the [X/O]
obtained for non rotating (red dots) and rotating (300 km/s,
green dots) models, for set M and solar metallicity; lower
panel same as the upper panel but for set R
Ne, Na, Mg and Al tend to have systematically smaller
[X/O] in rotating models because their yield depend on
the amount of C left by the He burning that, in turn,
scales inversely with the rotation velocity (see Figure 19
and the discussion above). The lower panel in Figure
26 shows the same comparison but for set R. It is quite
evident that now the differences between rotating and
non rotating models is larger but concerns basically the
weak component plus the group formed by Ne, Na, Mg
and Al. The reason is simply that the UINT group con-
tributes more to the yields in the non rotating models
than in the rotating ones, so that their substantial re-
moval in set R has a major effect in the non rotating
models while is quite marginal in the rotating ones.
Figure 27 shows the same comparisons shown in Fig-
ure 26 but for [Fe/H]=-1. The striking difference be-
tween the solar and the sub solar metallicity is the large
production of F and heavy nuclei up to Pb in the ro-
Figure 27. Same as Figure 26 but for [Fe/H]=-1
tating models. This result is due to the large increase
of the neutron/seed ratio (i.e., the ration between the
number densities of neutrons and Fe nuclei) in rotating
models as the initial metallicity decreases. In fact, while
the primary neutron source - produced by the conver-
sion of fresh 12C in 14N first and 22Ne later - increases
or remains roughly constant as the initial metallicity re-
duces (this is clearly visible in Figure 20 that shows the
trend with the metallicity of the primary 14N for mod-
els rotating at 300 km/s), the global abundance of the
seed nuclei (basically Fe) obviously scales directly with
the initial metallicity. This large increase of the neu-
tron/seed ratio as the initial metallicity decreases favors
a substantial flux of matter through the bottlenecks cor-
responding to the two neutron magic numbers N=50 and
N=82 and hence a consistent flux of matter up to Pb.
The capability of a large neutron/seed ratio to push mat-
ter up to Pb has been shown by Clayton (1968, Fig.7-22)
and has been studied for the first time by Gallino et al.
(1998) in low metallicity low mass AGB stars. Both
panels in Figure 27 show a large production of the heav-
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Figure 28. Same as Figure 26 but for [Fe/H]=-2
ier nuclei, set R providing again a larger overproduction
because of the dominant contribution of the LINT inter-
val to the yields of the various elements (see the forth
panel in Figure 23). A reduction of the initial metallic-
ity below [Fe/H]=-1 does not lead to a further increase
of the [X/O] of the heavier nuclei but actually to their
progressive reduction. Figures 28 and 29 show in fact
that the very high [X/O] obtained at [Fe/H]=-1 of the
elements beyond Zn, reduce progressively as the metal-
licity drops. There are two con causes that contribute
to such a trend. The first one is that the increase of
the abundances of the heaviest nuclei is obtained at the
expenses of the global abundance of the Fe peak nuclei
that therefore constitutes the maximum buffer that can
be used to build up the heavier nuclei (independently on
the neutron flux). In other words the lower the metal-
licity the lower the total amount of matter that can be
used to build up the heaviest nuclei. The second reason
is that O mildly increases as the metallicity decreases
and therefore this helps in pull down the [X/O] ratios.
Figure 29. Same as Figure 26 but for [Fe/H]=-3
5.1. N, F and s-processes
In the previous section we showed that the formation
of a conspicuous primary neutron flux within the He core
leads to the synthesis of large amounts of elements like
N, F and heavy nuclei (i.e. those beyond Zn) at sub-
solar metallicities. It is therefore important to provide
additional details about the synthesis of these nuclei in
presence of rotation. Let us repeat here that the dif-
fusion of matter between the H and He burning zones
largely increases the abundances of all the CNO nuclei
in the He core. Though the most abundant isotope is
obviously 14N, also 13C, 15N and 17O are largely in-
creased. Part of these nuclei flow in the convective core,
but part of them remains locked in the radiative region
of the He core. Figure 30 shows, in the upper panel, a
typical distribution of the CNO nuclei in the He core of
a 20 M⊙ with [Fe/H]=-1, initially rotating at 300 km/s:
the dashed lines refer to 4He (black), 12C (red) and 16O
(green) (right y-axis), while the solid lines refer to all
the other nuclei (left y-axis). The figure shows clearly
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that the radiative part of the He core is largely enhanced
in all the CNO nuclei.
Figure 30. Distribution of the CNO nuclei plus those in-
volved in the synthesis of 19F in the He core of a 20 M⊙,
[Fe/H]=-1 and vini = 300 km/s. The dashed lines show the
abundances in mass fraction of 4He (black), 12C (red) and
16O (green) (right y-axis), while the solid lines show the log-
arithmic abundances (by number fraction) of all the other
nuclei (left y-axis). The upper panel shows the internal run
of these nuclei at the central He exhaustion while the lower
panel shows the same profiles once the He convective shell
has fully developed.
This is an ideal environment for the synthesis of
19F. To understand why, let us start by reminding
that the sequence of reactions that leads to the produc-
tion of 19F is 14N(α, γ)18F(β+)18O(p, α)15N(α, γ)19F
(Goriely et al. 1990). The activation of this chain re-
quires a hot environment enriched in 14N, α particles
and protons. While both 14N and α particles are si-
multaneously present in the He core, the abundance of
protons is negligible and the most efficient way to pro-
duce them in these condition is through the 14N(n,p)14C
reaction that, of course, requires a neutron flux. The
22Ne(α,n)25Mg must be excluded because, at the tem-
peratures at which this nuclear reaction occurs, 14N, 18F
and 18O, are already fully converted into 22Ne. The
13C(α,n)16O activates at much lower temperatures and
is therefore suitable as a neutron source in a condition in
which 14N is still abundant. The natural place in which
all these requirements meet together is the He convec-
tive shell. In fact when the He convective shell forms, it
engulfs both 14N and 13C (present in the outer part of
the He core) so that they burn simultaneously: 13C cap-
tures α particles and emits neutrons while 14N captures
either α particles and the just produced neutrons, syn-
thesizing therefore both the 18O and the protons whose
further reaction eventually provides the 15N necessary
to synthesize 19F. This sequence of events obviously oc-
curs also in non rotating models but in this case the
available amount of CNO nuclei is too small to raise
significantly the 19F abundance. Vice versa in presence
of rotation there is a large abundance of CNO nuclei in
the region where the He convective shell develops (up-
per panel in Figure 30). The lower panel of Figure 30
shows the profiles of the same isotopes reported in the
upper panel, after the He convective shell is fully devel-
oped. Note that the region between 6.1 and 8.3 M⊙,
i.e. the one in which the He convective shell develops, is
the one in which the peaks of 14N and 13C are present.
The ingestion of both these nuclei leads to a convective
shell eventually greatly enriched in 19F, 18O, 15N and
17O while 14N and and 13C are partially and fully de-
stroyed, respectively. There are few additional things
worth noting in Figure 30: a) rotational mixing already
raises the number fraction of 15N at a level of a few
times 10−7 in the He rich zone (upper panel of Figure
30), therefore, even without a neutron source, it would
be possible to raise substantially the 19F abundance; b)
17O is also very abundant and contributes to the neutron
flux via the 17O(α, n)20Ne reaction; c) at the onset of the
core collapse the He convective shell is still largely en-
riched in 15N, which means that additional production
of 19F would have been possible if the He shell where
not frozen by the very fast evolution of the stellar core
in the advanced burning phases. Of course this complex
interplay among the various physical phenomena con-
tributing to the synthesis of 19F implies that we do not
expect a strict monotonic dependence of the 19F yield
on the mass, metallicity and rotational velocity, but we
certainly we do expect a large primary production of
both 14N and 19F in rotating models.
While the synthesis of 19F is controlled by the
13C(α,n)16O and occurs in the He convective shell,
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Figure 31. Upper panel: internal profiles of a subset of
heavy nuclei (logarithmic abundances in number fraction)
at the central He exhaustion (dashed lines), at the birth
of the He convective shell (dotted lines) and at the presu-
pernova stage (solid lines) for a 20 M⊙ of [Fe/H]=-1 and
vini = 300 km/s). Lower panel: comparison between the pre
explosive (dashed) and explosive abundances (solid) of the
same nuclei and the same model shown in the upper panel.
the large abundances of the elements beyond Zn at
sub solar metallicity are due to the activation of the
22Ne(α,n)25Mg during core He-, radiative shell He-
and convective shell C-burning. Figure 31 shows in
the upper panel (again for a 20 M⊙ of [Fe/H]=-1 and
vini = 300 km/s) the profiles of a subset of key nu-
clei at the central He exhaustion (dashed lines), at the
formation of the He convective shell (dotted lines) and
at the presupernova stage (solid lines). These isotopes
have been chosen because they mark the passage of the
matter through the neutron closure shells at n=50 (Kr,
Rb, Sr, Y and Zr) and at n=82 (Ba) and therefore its
capability to reach the end point (Pb) of the neutron
capture nucleosynthesis. The abundances of these nu-
clei in the He convective shell at the presupernova stage
(between ∼ 6.1 and ∼ 8.3 M⊙) are not the result of a
He convective shell itself, but mainly the result of the
mixing of matter previously synthesized either by the
radiative He shell and/or the He convective core. This
is clearly shown by a comparison between the dotted
and the solid lines (note that the y-scale is logarithmic).
Another thing worth noting in the same panel is the con-
tribution of the C convective shell (extending between
∼ 2.8 and ∼ 4.2 M⊙). It is clear that there are isotopes
that are destroyed, untouched or produced by the C con-
vective shell. This result is however highly misleading if
one forgets that the explosive nucleosynthesis may alter,
even significantly, the chemical composition within the
CO core. The lower panel in Figure 31 shows the same
nuclei, reported in the upper panel, before (dashed) and
after (solid) the explosion (the minimum value of the
x-axis corresponds now to the mass of the remnant).
The first thing worth noting is that the explosive nucle-
synthesis alters significantly the abundances of all the
nuclei plotted in the figure, within a substantial fraction
of the CO core. In particular, 84Kr, 85Rb, 89Y, 138Ba
and 208Pb are destroyed while 90Zr is produced; 88Sr,
on the contrary, is only mildly affected. Of course each
nuclear species will have its own behavior and also the
amount of reprocessing will depend on the energy of the
explosion. It is not the purpose of this paper to discuss
each isotope in detail, but what it is important to keep
in mind is that, at variance with what is largely trusted,
the explosive burning cannot be neglected when com-
puting the yields of almost all the nuclear species. In
this case, for example, only the zones more external to
∼ 5.3 M⊙, which is close to the outer border of the CO
core, are not affected by the explosion.
Summarizing the results discussed so far, the nuclei
produced by the neutron captures are synthesized pre-
dominantly in He convective core plus a contribution
from the radiative He burning shell and the C convective
shell. Their presupernova abundances can be affected
by the explosive nucleosynthesis in a non negligible way,
therefore this must be taken into account for a correct
determination of the final yields of all these elements.
A routinely way to infer the strength of the neutron
flux responsible for the neutron capture nucleosynthe-
sis in a given environment is the analysis of the so
called ”branching points”. A branching point occurs
when there is a competition between the beta decay
and the neutron capture on an unstable nucleus. For
each fixed temperature there is a threshold neutron den-
sity above which the neutron capture is favored with
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Figure 32. Left panel: Dependence of the (Rb/Zr) ratio
produced by a generation of massive stars (set R) on the
initial metallicity. The blue and red lines refer to the two
initial rotation velocities. The lower thin dashed line shows
the limiting ratio in which 85Kr completely decays in 85Rb
while the thick dashed line shows the limiting ratio obtained
by assuming that the 85Kr formed in the ground state fully
goes in 86Kr. All cross sections have been evaluated at 3 ×
108 K. Right panel: trend with the metallicity of the ratio
between nuclei located on the neutron closure shell n=82 (hs
= average abundance of Ba, La and Ce) and those located on
the neutron closure shell at n=50 (ls = average abundance
of Sr, Y and Zr). Both lines refer to set R.
respect to the decay and below which the opposite oc-
curs. An important example of branching point is the
one at 85Kr. If the neutron density is lower than the
threshold value of ∼ 108 n/cm3, the s-process path
follows the sequence 85Kr(β−)85Rb(n,γ)86Rb(β−)86Sr.
Since the neutron capture cross section on 85Rb is quite
large its equilibrium abundance is quite low and there-
fore the Rb abundance is quite low as well. Vice versa,
if the neutron density is higher than the threshold value
of ∼ 108 n/cm3 the path followed by the matter goes
through the sequence 85Kr(n,γ)86Kr(n,γ)87Kr(β−)87Rb
that continues then through the s-process path merging
with the other chain at 88Sr. By the way, let us re-
mind that a fraction of the 85Kr is produced in a very
short living metastable state and hence this component
always decays in 85Rb. Anyway, since 87Rb lies on the
neutron magic number line n=50, its neutron capture
cross section is quite low and hence if the neutron den-
sity is larger than the threshold value the Rb abundance
is rather high. Hence the ratio between Rb and an-
other element whose abundance does not depend on any
branching point would provide clues about the neutron
density present when the two elements were synthesized.
An element largely used in combination with Rb is Zr: a
high Rb/Zr value (of the order of 0.45 by number) will
imply a high neutron density while a low Rb/Zr ratio
(of the order of 3× 10−2 by number) would imply a low
neutron density (the critical n density being in this case
∼ 108 n/cm3). Figure 32 shows, in the upper panel,
the Rb/Zr ratio produced by a generation of massive
stars (set R) as a function of the metallicity, for the two
initial rotation velocities v=150 and v=300 km/s. The
two approximate limiting values for low (dotted) and
high (dashed) neutron densities, corresponding to the
full conversion of 85KrGround into
85Rb or into 86Kr, are
also reported for reference. None of the rotating models
actually reaches the threshold neutron density necessary
to raise the Rb/Zr ratio, so one would expect a similar
(low) ratio for both initial rotation velocity. Vice versa
Figure 32 shows that the two sets of rotating models are
systematically shifted, at subsolar metallicities, one re-
spect to the other. Moreover the set of models rotating
at 150 km/s shows a higher ratio, like if matter would
have passed through 87Rb, in spite of the fact that the
neutron density in thse models is lower than that ob-
tained for the models rotating faster. To understand
these results it must be reminded that the above discus-
sion about the relative equilibrum abundances assumes,
obviously, that a star has enough time for all these nu-
clei to go to the relative equilibrium. Unfortunately the
achievement of the relative equilibrium abundances of
Rb and Zr requires the passage of the matter through
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88Sr, the nucleus that has the lowest neutron capture
cross section and hence the one that requires the largest
amount of time to propagate matter towards heavier
nuclei. What happens in the set rotating at 150 km/s
is that matter has not time to proceed beyond Sr and
hence the Rb/Zr is high just because the bottleneck of
88Sr does not allow the build up of Zr. Vice versa in
models rotating at 300 km/s the flux of matter through
the bottleneck is much larger because either the rota-
tion driven instabilities lead to a larger primary neutron
source and also because the phase in which the release of
neutrons occurs starts earlier and lasts longer, providing
more time for the matter to flow beyond 88Sr and bring
Zr to the equilibrium. Since the neutron density is in
any case lower than the threshold value, Rb/Zr tends
towards the low equilibrum value. Hence it is very im-
portant to realize that, at least in the frame of the mas-
sive stars, a low or high Rb/Zr ratio does not necessarily
implies a low/high neutron density but also just the ca-
pability to reach or not the equilibrium abundances. At
solar metallicity in both cases matter does not overturn
efficiently the bottleneck at 88Sr. Note that a possible
comparison with the solar ratio must take into account
the fact that the contribution of the r-process may al-
ter significantly the abundances of some of these nuclei,
like e.g. 87Rb. For a comprehensive, quantitative and
extended discussion of all the branching points we refer
the reader to Lugaro & Chieffi (2011).
A widely adopted way to determine the relative ef-
ficiencies of the weak and main components of the s
process nucleosynthesis is the hs/ls ratio, where hs and
ls stand for the average abundance of the elements that
lie on the neutron closure shell at n=82 (Ba, La and Ce
in the present definition) and at n=50 (Sr, Y and Zr
in this case), respectively. The capability of the mat-
ter to cross (or not) the n=50 neutron closure shell and
populate the stability valley beyond this barrier is well
represented by this ratio: if the neutron/seed ratio is
not large enough to overcome the n=50 neutron closure
shell, matter will accumulate on the ls bottleneck (and
the hs/ls will be low) while in the opposite case matter
can proceed further on and populate the second neutron
closure shell, raising therefore the hs/ls ratio. The lower
panel in Figure 32 shows our predictions for the trend of
[hs/ls] as a function of [Fe/H], for both initial rotation
velocities (set R): as expected the [hs/ls] increases in
models with a higher initial rotation velocity because of
the increasing neutron/seed ratio (as discussed above).
6. COMPARISON WITH OTHER SETS OF
MODELS
The comparison among yields obtained by different
groups and, more specifically, the understanding of the
source(s) of the differences is, in our opinion, an ex-
tremely difficult task, sometime hopeless. Over the
decades we compared many times our results with those
obtained by other authors, e.g. Limongi et al. (2000),
without being really capable of understanding where the
differences came from. To really understand the source
of the differences it would be necessary to look into the
other evolutionary codes, effort that, even if it were pos-
sible, it would be too time consuming. In spite of this, it
is certainly important to compare different sets of yields,
at least to be aware of the existing differences. For these
reasons in this section we show a few comparisons be-
tween our yields and those provided by other groups
without pretending to really understand quantitatively
where the differences come from but giving, whenever
possible, some hints.
Figure 33 shows the comparison between the [X/O]
produced by a non rotating 25 M⊙ of solar metallicity
and the analogous yields provided by Kobayashi et al.
(2006), Sukhbold et al. (2016) and Frischknecht et al.
(2016). The yields provided by Kobayashi et al. (2006)
extend up to Ge and show an overall agreement with
the present ones (upper panel), the only extremely large
difference being F that is much more abundant in their
yields (their [F/O]∼0 implies that massive stars, in their
scenario are the main F producers at solar metallicity).
Their high [Ge/O] value, vice versa, is quite certainly
due to the fact that their nuclear network ends at Ge
and hence matter can not flow onward and accumulates
there. The middle panel shows a comparison with a
model computed by Sukhbold et al. (2016). In this case
there is a basic overall agreement even if there are not
negligible differences in the region P to K. Since the
yields of these nuclei are largely of explosive origin, it is
probable that the differences reflect the different tech-
niques adopted to simulate the explosion and/or differ-
ent mass-radius relations at the onset of the collapse.
C, Ne, Na, Mg and Al are systematically lower in their
model with respect to our: these differences could be
understood if they would have a lower C abundance
at the end of the central He burning phase. In fact,
in this case, the C yield would be obviously lower and
also Ne, Na, Mg and Al would be lower as well because
they are products of the C burning and hence scale in-
versely with the amount of C left by the He burning.
The amount of C left by the He burning influences also
the number, and extension, of the C convective shell(s)
as well as their speed in advancing in mass. It must
also be noted that their CO core mass is much larger
than our (7.13 M⊙ versus 6.2 M⊙) and obviously such
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Figure 33. Comparison between the [X/O] produced
by a non rotating 25 M⊙ of solar metallicity and anal-
ogous yields provided by Kobayashi et al. (2006) (up-
per panel), Sukhbold et al. (2016) (middle panel) and
Frischknecht et al. (2016) (lower panel).
a large difference (certainly due to a different extension
of the H convective core) may play a relevant role in
the production of the final yields. The bottom panel
in Figure 33 shows a similar comparison with a model
published by Frischknecht et al. (2016). In principle this
comparison is not much pertinent because their abun-
dances (not really yields) do not include the explosive
burning. However, we think it is worthwhile because
this is the only set of models that includes the compu-
tation of abundances up to Pb for rotating models (see
below). As a consequence of what we have just said,
elements between Si and Zn must not be considered at
all because they are an outcome of the explosive burn-
ing. We pointed out above that also other nuclei (not
of explosive origin) may be affected even significantly
by the explosive nucleosynthesis, but in this compari-
son we ignore such an occurrence. Elements C to Al
are in quite good agreement, while those produced by
the weak component are substantially underproduced by
Frischknecht et al. (2016).
The comparison between our yields and the abun-
dances published by Frischknecht et al. (2016) for ro-
tating models is shown in Figure 34. It is important to
remind that the two models have not been computed
with the same initial rotation velocity. In fact, while
we fix an initial velocity (e.g. 150 or 300 km/s) inde-
pendent of the initial mass, Frischknecht et al. (2016)
assume a given value of v/vcrit (e.g., 0.4 or 0.5) which
obviously implies a different initial velocity for the var-
ious models. Nevertheless, our 25 M⊙ computed with
vini = 300 km/s roughly corresponds to their model
computed for v/vcrit=0.4. The upper panel refers to the
solar metallicity while the lower one to [Fe/H]=-1. In
the solar metallicity case, the main differences between
the two models concern essentially the light s-process el-
ements (the weak component) up to the neutron closure
shell at n=50. In particular while these elements are co-
produced with O in our models, they are substantially
underproduced by Frischknecht et al. (2016). At low
metallicity, on the contrary, the differences mainly con-
cern the heavy elements above n=50. In fact, while these
elements are produced in our model, although the pro-
duction decreases progressively with the atomic num-
ber (note, e.g., that Ba and La are co-produced with
O), they are not produced at all by Frischknecht et al.
(2016). In addition to this, also F, Na and Al are largely
overproduced with respect to O in their model. Again
we do not have any real explanation for these differences
but we want to remind again that the inclusion of rota-
tion in an evolutionary code requires a calibration, and
that different calibrations may lead to even very different
results. It is worth noting, however, that even in the non
rotating models, at solar metallicity, where it is gener-
ally accepted that massive stars produce the weak com-
ponent, the model of Frischknecht et al. (2016) shows a
substantial underproduction of all these elements.
7. INITIAL MASS - REMNANT MASS RELATION
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Figure 34. Upper panel: comparison between the [X/O]
obtained after the explosion of a 25 M⊙ of solar metallicity
rotating at 300 km/s and the pre explosive yields obtained for
the same mass by Frischknecht et al. (2016). Lower panel:
same comparison but for [Fe/H]=-1
Figure 35. Remnant masses obtained for set F as a function
of the initial mass
The three different choices for the calibration of the
explosions that we discussed above (Sets F, M and R)
obviously imply different remnant masses. Figure 35
collects for the Set F the remnant masses for all the
metallicities and all the initial rotational velocities. The
figure shows clearly that the choice that all the stars
eject 0.07 M⊙ of
56Ni does not allow the formation of
remnants more massive than ∼ 9 M⊙. The same would
occur even for lower amounts of 56Ni provided, however,
that at least part of the nuclei produced by the explo-
sive burning are ejected. It is also worth noting that
for each mass there is a spread of the remnant masses
in spite of the fact that all of them are obtained by re-
quiring the ejection of the same amount of 56Ni. Such a
spread largely reduces if the remnant masses are plotted
versus the CO core mass (Figure 36). The reason is that,
as already mentioned in this paper, the evolution of a
star beyond the central He burning is predominantly de-
termined by the size of the CO core, irrespective of the
initial rotational velocity and metallicity. The residual
spread in Figure 36 is due to the fact that the advanced
evolutionary phases are not just a function of the CO
core mass but also of the amount of 12C left by the core
He burning, since it determines how much the C burn-
ing shell may advance in mass before the final collapse.
Though the relation depicted in Figure 36 may be used
to have a good idea of the remnant masses, we strongly
discourage any user from applying this relation to other
models, different from the present ones, to infer any ex-
plosive yield. The reason is that the spread shown in
this Figure, though quite tight, is larger than the region
where all the explosive burning occur (which amounts
to a few tens of solar masses). The remnant masses ob-
tained for Set M do not differ significantly from those
obtained for Set F because, although we apply the mix-
ing and fall back for these models, the mixed zone is not
very extended and therefore the mass cuts needed to
ejected the 0.07 M⊙ of
56Ni are in any case deep enough
and not very different from the ones obtained for set F.
Set R, on the contrary, is profoundly different from
the previous ones because in this case we assume that
all stars more massive than 25 M⊙ fully collapse. Ob-
viously in this case the remnant masses are much larger
than in the previous cases (see Figure 37) and some of
the masses larger than 25 M⊙ leave black hole remnants
even much larger than those associated to the detec-
tions of the gravitational waves GW150914, GW151226,
GW170104, GW170608 and GW170814 (Abbott et al.
2016a,b,c, 2017a,b,c). Though this result could be con-
sidered quite trivial and obtained ”by construction”,
Figure 37 shows some interesting features. At solar
metallicity the maximum remnant mass that can be
formed is ∼ 30 M⊙, irrespective of the initial rotational
velocity (at least up to 300 km/s). The reason is that
at solar metallicity mass loss is efficient enough that the
final mass of all these models is lower than ∼ 30 M⊙
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Figure 36. Remnant masses obtained for set F as a function
of the CO core mass
Figure 37. Remnant masses obtained for set R as a function
of the initial mass
lower metallicities the strong reduction of the mass loss
allows the non rotating models to form much larger rem-
nant masses. However, in this case the maximum rem-
nant mass ranges between 80-100 M⊙ (at these metal-
licities the mass of the remnant is almost equal to the
initial mass because mass loss is very inefficient) because
stars above this limit enter the PISN regime and do not
leave any remnant (see section 4.3). In rotating mod-
els, on the contrary, the remnants are on average much
smaller because rotation pushes many stars above their
Eddington luminosity where they lose much more mass
than their non rotating counterparts. Because of the in-
crease of the CO core induced by rotation, MPISN lowers
in rotating models (section 4.3) and therefore the max-
imum remnant mass that can be formed in this case
reduces as well.
8. SUMMARY AND CONCLUSIONS
In this paper we presented a new very extended set
of models and yields of massive stars in the range 13-
120 M⊙, initial metallicities [Fe/H]=0, -1, -2, -3 and
initial rotation velocities v=0, 150, 300 km/s. All the
models were followed from the pre-main sequence up
to the presupernova stage. The explosion was simu-
lated artificially by means of a hydrodynamic code in
the framework of a kinetic bomb and the computation
of the explosive nuclesynthesis is fully coupled to the hy-
drodynamics. Given the arbitrariness in the calibration
of the explosion we discussed three different choices for
this calibration and we showed how the yields and the
masses of the remnants depend on the adopted choice.
We took into account a large nuclear network, fully cou-
pled to the stellar evolution, that extends from neutrons
to 209Bi, includes explicitly 335 nuclear species and more
than 3000 nuclear reactions. The efficiency of the ro-
tation induced mixing was calibrated by requiring the
fit to a subset of star (taken from the LMC samples
of the FLAMES survey Hunter et al. (2009)) for which
both the surface N abundance and the projected rota-
tion velocity are available. Most of the properties of this
grid of models, together to the final yields, are available
for download from the website http://orfeo.iaps.inaf.it.
More specific details about the models and/or the ex-
plosions may be obtained upon request.
A synthesis of the surface properties of all our models
is shown in Figure 38 and it helps in visualizing what is
described in the remaining of this section.
At solar metallicity, non rotating stars populate the
RSG branch up to a luminosity Log(L/L⊙) ∼ 5.7,
which corresponds to a mass of ∼ 40 M⊙. More mas-
sive stars lose a major fraction of their H rich enve-
lope because they overcome their Eddington luminosity
before reaching the RSG branch and hence turn back
blueward where they spend all their He burning life-
time. Stars more massive than ∼ 20 M⊙ leave the
RSG branch sometime during the core He burning and
evolve towards a BSG configuration, eventually becom-
ing WR stars (MWR ∼ 20 M⊙). Accordingly, the max-
imum mass we predict for the progenitors of SNIIP is
MIIP ∼ 17 M⊙ (which corresponds to a maximum lu-
minosity of Log(L/L⊙) ∼ 5.1). Stars with M > MIIP
are expected to explode as SNIb. By the way, because
our grid has not enough resolution in the initial mass,
and therefore in the final H envelope mass, we cannot
clearly define the transition SNIIP/SNIIb/SNIb accord-
ing to Hachinger et al. (2012), therefore we chose for
the moment to consider only two limits, i.e. SNIIP
and SNIb, also beacuse from the observational side the
classification is not yet much clear. The properties of
these models are in reasonable agreement with some
observed properties of the massive stars: (a) the pre-
dicted distribution of the stars in the HR diagram is
compatible (both in luminosity and effective temper-
ature) with the distribution observed in a sample of
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Figure 38. Global properties of all the models as a function of mass, metallicity and initial rotation velocity. Each bar
represents, for each model, the configuration of the star as a function the fraction of time remaining to the final collapse after
core H depletion. The colors refer to the RSG (red), BSG (blue) and WR (purple) configurations, respectively. The expected
SN type is reported on top of each bar: dark red refers to SNIIP while green to SNIb, respectively. Stars expected to explode as
pair instability supernovae are marked by a hatched black square. For each stellar model, the final remnant masses are shown
by filled circles, for the set F, and by crosses, for the set R.
the galactic RSG stars (Levesque et al. 2005); (b) the
maximum mass exploding as SNIIP is compatible with
the lack of detected progenitors (of SNIIP) with lumi-
nosities higher than Log(L/L⊙) ∼ 5.1, as reported by
Smartt (2009, 2015); therefore our scenario naturally
explains the so called ”RSG problem” (Smartt 2009) -
note however that other hypothesis to solve this prob-
lem are provided, e.g., by Walmswell & Eldridge (2012)
and Yoon & Cantiello (2010); (c) in a scenario in which
all the stars with M > 25 M⊙ fail to explode and col-
lapse directly to a black hole, we do not expect SNIb at
luminosities larger than Log(L/L⊙) ∼ 5.6. This result
is at least not in contradiction with the 14 SNIb pro-
genitors with no detection reported by Smartt (2015);
moreover, the expected amount of mass ejected by stars
exploding as SNIb is of the order of Mejecta ∼ 6 M⊙,
in rather good agreement with the ejected masses of
3 − 4 M⊙ estimated from the SNIb light curve fitting
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(Wheeler & Levreault 1985; Ensman & Woosley 1988;
Dessart et al. 2011, 2015, 2016; Lyman et al. 2016); (d)
a limiting mass between SNIIP and SNIb corresponding
to MIIP ∼ 17 M⊙ implies a fraction of SNIb of ∼ 26 %
of all the core collapse supernovae (CCSNe) (having as-
sumed a Salpeter IMF, a minimum mass for the CCSNe
∼ 9.5 M⊙ and an upper mass limit Mtop ∼ 25 M⊙): this
number is in very good agreement with the SN rates es-
timated from the volume-limited Lick Observatory Su-
pernova Search (LOSS) (Smith et al. 2011).
Rotation changes completely this scenario because it
lowers both the maximum mass that spends a substan-
tial amount of time on the RSG branch and the mini-
mum mass that becomes WR. In particular we get that
even the 13 M⊙ rotating at either 150 and 300 km/s
becomes a WR star. The maximum mass the reaches
the RSG branch lowers to 30 M⊙ for v=150 km/s and
to 25 M⊙for v=300 km/s. Therefore we predict that
solar metallicity models, with initial rotation velocities
v ≥ 150 km/s, explode as SNIb (MIb . 13 M⊙) and
that RSG stars are expected up to a luminosity of the
order of Log(L/L⊙) ∼ 5.5.
At [Fe/H]=-1, in absence of rotation the strong de-
crease of the mass loss (coupled to the strong reduction
of the opacity) raises the maximum mass that settles on
the RSG branch up to 25-30 M⊙ but it also prevents
the more massive ones from reaching the RSG branch
before the explosion because these stars turn towards
their Hayashi track on a nuclear timescale. Hence we
expect RSG SNIIP progenitors with masses as high as
MIIP ∼ 25 − 30 M⊙ and that above this value they
explode as BSGs SNIIP. Given the very low amount
of mass lost at this metallicity, WR stars may form
only at masses M ≥ 80 M⊙. At lower metallicities
([Fe/H] ≤ −2) also the less massive stars turn to the
red on a nuclear timescale so that basically no stars are
expected to populate significantly the RSG branch at
these metallicities. This does not imply that we do not
expect RSG SNIIP because stars in the range 13 to 25
M⊙ reach the RSG branch towards the end of the cen-
tral He burning. Given the extremely low amount of
mass lost by these stars all of them explode as SNIIP
(blue or red supergiants).
The main role of rotation at these metallicities is that
of pushing the stars towards the RSG branch. As a
consequence, stars below 25-30 M⊙ spend now a consid-
erable amount of time on the RSG branch where they
eventually explode as red supergiants (SNIIP) while the
more massive ones approach their Eddington luminos-
ity when their surface temperature drops to LogTeff ∼
3.8 − 4.0, lose a huge a mount of mass and turn to the
blue becoming WR stars. So at subsolar metallicities ro-
tation populates the RSG branch up to 25-30 M⊙, leads
to the formation of WR stars in a quite wide range of
masses, and settles a limiting mass between SNIIP and
SNIb in the range MIIP25− 30M⊙. Though up to now
no progenitor for SNIIP as massive as 25 − 30 M⊙ has
been detected yet, the present results imply the exis-
tence of these massive RSG progenitors (and SNIIP) at
low metallicities and we certainly expect such a finding
in the next future.
Before closing this part it is important to stress that
since stars do not rotate at the same rotation velocity
(as seen from the available observational data) but they
show a spread, the choice of an IDROV (Initial Dis-
tribution of ROtation Velocities) is mandatory (as the
IMF for the mass distribution) when trying to fit the
properties of a given sample of stars or a trend with the
metallicity (Prantzos et al. 2018, CL13). In presence of
a spread of initial rotation velocities even the definition
of a limiting mass becomes much more ambiguous be-
cause it depends not just on the metallicity but also on
Vini. A detailed and quantitative analysis of the prop-
erties of a population of massive stars, where both the
IMF and the IDROV are taken into account, are beyond
the scope of the present paper and will be addressed in
a future work.
The direct detections of gravitational waves, GW150914,
GW151226, GW170104, GW170608, GW170814 (Abbott et al.
2016a,b,c, 2017a,b,c) have been associated to the
merger of two black holes, presumably of stellar ori-
gin, GW150914 and GW170608 being associated to the
largest (∼ 29− 36 M⊙) and the smallest (∼ 7− 12 M⊙)
black holes in a binary system, respectively. In a sce-
nario in which all stars eject 0.07 M⊙ of
56Ni the maxi-
mum mass of the remnant ranges between ∼ 4 M⊙ and
∼ 8 M⊙, for −3 ≤ [Fe/H] ≤ 0 and 0 ≤ vini ≤ 300 km/s.
In the alternative scenario in which all stars with
M > 25 M⊙ fail to explode and directly collapse to
a black hole, the remnant masses are obviously much
larger and can reach values as high as ∼ 80 M⊙ for low
metallicity non rotating models. By the way, in this
paper we just want to show that, in principle, a black
hole with a mass as large as ∼ 80 M⊙ can be obtained
as the final product of the evolution of a single mas-
sive star, without any claim on the route towards the
formation of the black hole binary systems as well as
their merging (Antonini & Rasio 2016; Belczynski et al.
2016; Mandel & de Mink 2016). Of course such a re-
sult may change, even significantly, if the massive star
evolves in a binary system (de Mink & Mandel 2016).
A natural upper limit to the maximum mass a (stel-
lar) black hole is given by the fact that stars above a
given critical mass (MPISN) enter the pair instability
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regime and explode as pair instability supernovae with-
out leaving any remnant. In general MPISN decreases
with increasing the initial rotation velocity because of
the substantial increase of the CO core induced by the
rotation driven mixing so that rotation favors the forma-
tion of PISN. More specifically we get that at subsolar
metallicities MPISN ∼ 100 M⊙ for vini = 0 and it de-
creases down to MPISN ∼ 70 M⊙ for an initial rotation
velocity vini = 300 km/s.
As far as the final yields are concerned, our current
preferred scenario (set R) is obtained by requiring that
stars in the range 13 to 25 M⊙ experience mixing and
fall back (Umeda & Nomoto 2002) (the inner and the
outer borders of the mixed region being fixed by impos-
ing that [Ni/Fe]=0.2 and that it cannot extend beyond
the base of the Oxygen shell) and then the mass cut is
fixed by requiring the ejection of 0.07 M⊙ of
56Ni. Stars
more massive than 25 M⊙ are assumed to fully collapse
in the remnant so that they contribute to the yields only
through their wind. The same choices were assumed for
all metallicities and initial rotation velocities. The over-
all behavior of the yields provided by the non rotating
models is basically the expected one. At solar metal-
licity the production factors of the intermediate mass
nuclei shows a reasonably flat profile, the elements be-
tween Zn and Zr are also produced by the so called weak
component. Elements beyond the neutron closure shell
n=50 are not produced at all. As the metallicity re-
duces, the production factors of the intermediate mass
even particle remain quite flat (because of their primary
origin) and close to that of the O while the odd nuclei
show a progressively more pronounced odd-even effect.
Elements beyond Zn are not produced at all, as well as
N and F that are also severely underproduced.
The most striking effect of rotation on the yields is
the substantial production of N, F and all the elements
heavier than Fe up to Pb in low metallicity models. Vice
versa at solar metallicity the influence of rotation on
the yields is modest (at least up to Vini = 300 km/s)
. The continuous stirring of matter between the central
He burning and the H burning shell leads to a large pro-
duction of all the CNO cycle (and obviously 14N which is
the most abundant) that are then redistributed within
the He core. The fraction of these nuclei that falls in
the convective core is rapidly nuclearly processed and
in particular 14N is converted in 22Ne, i.e. a powerful
primary neutron source. Another fraction of them re-
mains frozen in the radiative part of the He core and
becomes the fuel that powers the synthesis of F when
the He convective shell forms after the central He ex-
haustion. The capability of the matter to flux beyond
the two neutron closure shells at n=50 and n=82 de-
pends basically on the neutron to seed ratio because
this is the quantity that controls the timescale neces-
sary to overcome the neutron closure shells. A natural
limit to the maximum overproduction of the heavy ele-
ments is obviously given by the total amount of matter
that may be pushed onward, and obviously this is the
total amount of Fe available. Our rotating models raise
the neutron to seed ratio above 1000, a value more than
enough to allow the passage of the matter through the
neutron closure shell in a timescale much smaller than
the lifetimes of the stars in He burning (see, e.g., Fig7-22
in Clayton (1968)). Hence our models are able to pro-
duce efficiently nuclei up to Pb. The production factors
of the heavy nuclei, however, reaches the maximum at
[Fe/H]=-1 and then drops mildly, the obvious explana-
tion being that the lower the metallicity the lower the
availability of target nuclei, i.e. Fe.
The final yields are the results of the computation of
a large number of models from the pre main sequence to
the core collapse plus the explosion. All these computa-
tions are however based on a large number of assump-
tions and choices that may vary from author to author.
In order to check if these yields are capable to fit the so-
lar distribution as well as their observed trend with the
metallicity we have already included them in a galactic
chemical evolution model (Prantzos et al. 2018) and we
strongly refer the reader to that paper to have an idea
of how these yields behave. Here we want just to point
out that in that paper we calibrated the IDROV (Ini-
tial Distribution of ROtation Velocities) by requiring a
primary-like behavior of 14N in the Milky Way at low
metallicity and at the same time to avoid overproduc-
tion of s-process elements at intermediate metallicities.
The next step in this endless attempt to produce scenarii
closer and closer to the real world will the extension of
the grid to zero metallicity and super metal rich stars.
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A. THE FRANEC CODE
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In this section we recall briefly all the main features and input physics of our evolutionary code (FRANEC), already
presented in detail in CL13.
The set of equations describing the physical structure of the star plus the ones governing the chemical evolution
of the chemical composition (i.e., the local burning due to the nuclear reactions plus the various kinds of mixing:
convection, semiconvection, and rotationally induced mixing) are coupled together and solved simultaneously by means
of a relaxation technique. The angular momentum transport, together to the determination of the velocity of the
meridional circulation, is solved separately, again by means of a relaxation technique.
The borders of the convective zones are defined according to the Ledoux criterion. In addition, we assume 0.2 HP
of overshooting at the outer edge of the convective core only during the core H burning phase.
The equation of state (EoS) adopted for temperatures lower than 106 K in the one provided by Rogers et al. (1996)
and Rogers (2001) (EOS and ESOPLUS). For temperatures higher than 106 K we are using the EoS Tables given by
Straniero (1988).
The radiative opacity coefficients are derived from Kurucz (1991) for T ≤ 104 K, from Iglesias et al. (1992) for 104 <
T(K) ≤ 108 (OPAL), and from the Los Alamos Opacity Library (LAOL) Huebner et al. (1977) for 108 < T(K) ≤ 1010.
The opacity coefficients due to the thermal conductivity are derived from Itoh et al. (1983).
Mass loss has been included following the prescriptions of Vink et al. (2000, 2001) for the blue supergiant phase
(Teff > 12000 K), de Jager et al. (1988) for the red supergiant phase (Teff < 12000 K) and Nugis & Lamers (2000) for
the Wolf-Rayet phase. The enhancement of the mass loss due to the formation of dust during the red supergiant phase
has been included following the prescriptions of van Loon et al. (2005). Mass loss is enhanced, in rotating models,
following the prescription of Heger et al. (2000).
The criteria adopted to define the different WR subclasses are the same adopted in Limongi & Chieffi (2006), i.e.,
we as- sume that the star enters the WR phase when LogTeff > 4 and Hsurf < 0.4, and we adopt the following usual
definitions for the various WR phases: WNL (10−5 < Hsurf < 0.4), WNE [Hsurf < 10
−5 and (C/N)surf < 0.1], WNC
[0.1 < (C/N)surf < 10], and WCO [(C/N)surf > 10].
The nuclear network and the cross section adopted have been discussed and presented in detail in the text (see
Tables 1, 3 and 4).
The effect of rotation on the structure of the star has been included following the ”shellular rotation” approach
(Zahn 1992; Meynet & Maeder 1997). The transport of the angular momentum due to meridional circulation and
shear turbulence has been treated by means of the advective-diffusive equation (Talon et al 1997; Chaboyer & Zahn
1992).
ρr2
dr2ω
dt
=
1
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∂
∂r
(ρr4Uω) +
∂
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(
ρr4Ds.i.
∂ω
∂r
)
(A1)
where U is the radial component of the velocity of the meridional circulation, Ds.i. the diffusion coefficient for the
shear turbulence and all other quantities have their usual meaning. We adopted the prescription for U provided by
Maeder & Zahn (1998) (their eq. 4.38) and the formulation of Ds.i. proposed by Talon and Zahn (1997), modified
later by Palacios et al. (2003):
Ds.i. =
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where N2T =
gδ
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(∇ad − ∇rad ), N
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gδ
HP
(ϕδ∇µ) and Ric =
1
4 . Dh is the coefficient of horizontal turbulence that we
assume citetZah92:
Dh ≃ |r U | (A3)
where K = 4acT
3
3Cpkρ2
is the thermal diffusivity (Meynet & Maeder 2000). The adoption of the expression for the velocity
of meridional circulation provided by Maeder & Zahn (1998) in equation A1 leads to a fourth order partial differential
equation that is solved by means of a relaxation technique. In contrast, the transport of the chemical species has been
treated as a pure diffusive process according to Chaboyer & Zahn (1992). in this case the diffusion coefficient is given
by
D = Ds.i. +Dm.c. (A4)
where Ds.i. is given by equation A2 while Dm.c. is
Dm.c. ≃
|r U |2
30Dh
(A5)
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as suggested by Zahn (1992).
The calibration of the mixing efficiency has been performed by means of two free parameters, namely, fc and fµ.
The first free parameter, fc, simply multiplies the total diffusion coefficient defined in Equation A4 and adopted for
the mixing of the chemical composition, i.e.
D = fc × (Ds.i. +Dm.c.) (A6)
The second free parameter, fmu, multiplies the gradient of molecular weight, i.e., ∇
adopted
µ = fµ×∇µ, and regulates the
influence of this quantity on the mixing of both the angular momentum and the chemical composition. The calibration
procedure is described in detail in the text (section 3).
As usual the initial He abundance and the mixing-length parameters have been determined by fitting the present
properties of the Sun (Straniero, Chieffi & Limongi 1997).
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Table 3. Network reference matrix
isotope (p,α) (p,n) (p,γ) (α,p) (α,n) (α,γ) (n,p) (n,α) (n,γ) (γ,p) (γ,α) (γ,n) (β+) (β−)
2H desc nacr ka03
3H desc cf88 rath
3He bet+ desc ka03
6Li nacr nacr cf88 mafo
7Li desc desc wago cf88 nacr ka03
7Be nacr nacr nacr desc wago cf88
9Be nacr nacr wago nacr ka03
10Be wago wago fkth fkth bb92 rath
10B nacr nacr wago cf88 cf88 wies
11B nacr bb92 bb92 bb92 bb92
12C nacr nacr cf88 ku02 nacr ka03
13C wago cf88 nacr wago nacr fkth ka03 ka03
14C bb92 cf88 mc10 bb92 mc10 wago ka03 ka03 rath
13N nacr cf88 cf88 cf88 wies nacr rath
14N cf88 im05 mc10 cf88 mc10 cf88 bb92 ka03 nacr wies
15N nacr cf88 nacr mc10 cf88 mc10 wago ka03 mc10 ka03
16N wago wago wago wago ka03 rath
15O wfho mc10 rath mc10 cf88 cf88 im05 rath
16O cf88 mc10 nacr rath mc10 wago nacr ka03 nacr ku02
17O mc10 fkth mc10 wago nacr cf88 bb92 bb92 ka03 od94
18O mc10 fkth mc10 nacr mc10 wago ka03 mc10 bb92 od94
19O wago wago wago ka03 od94
17F bl03 mc10 cf88 rath fkth cf88 fkth mc10 od94
18F mc10 mc10 rath fkth cf88 fkth mc10 mc10 fkth od94
19F nacr nacr cf88 cf88 wago wago ka03 mc10 mc10 fkth od94
20F wago ka03 od94
20Ne cf88 mc10 mc10 rath mc10 nacr kart nacr mc10 od94
21Ne rath mc10 rath cf88 cf88 nacr kart cf88 kart od94
22Ne cf88 cf88 mc11 rath mc10 mc10 wago kart mc10 kart od94
23Ne rath rath rath rath kart od94
21Na cf88 rath rath rath rt mc10 od94
22Na rath mc11 rath rath rath cf88 cf88 rt mc10 rt od94
23Na mc10 cf88 mc10 rath de07 rath rath kart mc11 rt od94 od94
24Na rath rath rath rath rath rath rath kart od94
23Mg rath rath cf88 rath rt mc11 od94
24Mg cf88 mc10 mc10 rath mc10 rath cf88 kart mc10 mc10 rt od94
25Mg rath rath mc10 rath nacr cf88 mc10 kart rath cf88 kart od94
26Mg rath ko97 mc10 cf88 nacr cf88 rath kart mc10 kart ffn8
27Mg rath rath rath rath rath rath kart od94
25Al rath rath rath rath rt mc10 rath od94
26Ala rath mc10 rath rath rath og10 og10 kart mc10 rath rt ffn8
26Algb rath mc10 rath rath rath ko97 de07 ka02 rath
26Almc il09 ko97 de07 rath
27Al mc10 rath mc10 rath cf88 rath rath rath kart mc10 rath kart od94 od94
28Al rath rath rath rath rath rath rath rath kart od94
27Si rath rath rath rath rt mc10 rath od94
28Si rath mc10 mc10 rath rath rath nacr kart mc10 mc10 rt od94
29Si rath rath mc10 rath rath rath nacr kart rath cf88 kart od94
30Si rath rath mc10 rath rath rath rath kart cf88 kart od94
31Si rath rath rath rath rath rath rt rath kart od94
32Si rath rath rath rath rt od94
29P rath rath rath rath rt mc10 rath od94
Table 3 continued
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Table 3 (continued)
isotope (p,α) (p,n) (p,γ) (α,p) (α,n) (α,γ) (n,p) (n,α) (n,γ) (γ,p) (γ,α) (γ,n) (β+) (β−)
30P rath rath rath rath rath rath cf88 rt mc10 rath rt od94
31P mc10 rath mc10 rath rath rath rath rath kart mc10 rath rt od94 od94
32P rath rath rath rath rath rath rath rt rath rath kart od94 od94
33P rath rath rath rath rath rath rt rath rt od94
34P rath rath rath rath rath rath rt od94
31S rath rath rath rt rath rath od94
32S rath mc10 mc10 rath rath rath kart mc10 rath rt od94
33S rath rath rath rath rath rath rath rath kart rath rath kart od94 od94
34S rath rath rath rath rath rath rath rath kart rath rath kart od94 od94
35S rath rath rath rath rath rath rath rt rath rath kart od94
36S rath rath rath rath rath kart rath rt ffn8
37S rath rath rath rath rath kart ffn8
33Cl rath rath rath rath rt mc10 rath od94
34Cl rath rath rath rath rath rath rt rath rath rt od94
35Cl mc10 mc10 rath rath rath rath rath kart rath rath rt od94
36Cl rath rath rath rath rath rath rath rath kart rath rath kart ffn8 ffn8
37Cl rath rath rath rath rath rath rath rath kart rath rath kart ffn8 od94
38Cl rath rath rath rath rath rath rath rath kart ffn8
36Ar rath mc10 rath rath rath rath kart mc10 rath ffn8
37Ar rath rath rath rath rath rath rath rath rt rath rath kart od94 od94
38Ar rath rath rath rath rath rath rath rath kart rath rath rt ffn8 od94
39Ar rath rath rath rath rath rath rath kart rath rath kart ffn8
40Ar rath rath rath rath rath rath kart rath kart ffn8
41Ar rath rath rath rath rath rath kart ffn8
37K rath rath rath rath rt mc10 rath od94
38K rath rath rath rath rath rt rath rath rt od94
39K rath rath rath rath rath rath rath kart rath rath rt ffn8
40K rath rath rath rath rath rath rath rath kart rath rath kart ffn8 ffn8
41K rath rath rath rath rath rath rath rath kart rath rath kart ffn8 ffn8
42K rath rath rath rath rath rath rath rath kart ffn8
40Ca rath mc10 rath nass rath rath kart rath rath ffn8
41Ca rath rath rath rath rath rath rath rath kart rath rath kart ffn8 ffn8
42Ca rath rath rath rath rath rath rath rath kart rath rath kart ffn8 ffn8
43Ca rath rath rath rath rath rath rath kart rath rath kart ffn8
44Ca rath rath rath rath rath rath rath kart rath kart ffn8
45Ca rath rath rath rath rath rath kart rath kart ffn8
46Ca rath rath rath rath rath kart kart lp00
47Ca rath rath rath rath rt kart lp00
48Ca rath rath rath kart rt lp00
49Ca rath kart lp00
41Sc rath rath rath rath rt mc10 rath ffn8
42Sc rath rath rath rath rath rt rath rath rt ffn8
43Sc rath rath rath rath rath rath rath rt rath rath rt ffn8
44Sc rath rath rath rath rath rath rath rath rt rath rath rt ffn8 ffn8
45Sc rath rath rath rath rath rath rath rath kart rath rath rt ffn8 ffn8
46Sc rath rath rath rath rath rath rath rt rath rath kart lp00 lp00
47Sc rath rath rath rath rath rath rath rt rath rt lp00 lp00
48Sc rath rath rath rath rath rath rath rt rath rt lp00 lp00
49Sc rath rath rath rath rath rath rt lp00 lp00
44Ti rath laur rath rath rath rath rt rath nass ffn8
45Ti rath rath rath rath rath rath rath rath rt rath rath rt ffn8 ffn8
46Ti rath rath rath rath rath rath rath rath kart rath rath rt lp00 lp00
47Ti rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
48Ti rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
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Table 3 (continued)
isotope (p,α) (p,n) (p,γ) (α,p) (α,n) (α,γ) (n,p) (n,α) (n,γ) (γ,p) (γ,α) (γ,n) (β+) (β−)
49Ti rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
50Ti rath rath rath rath rath rath kart rath rath kart lp00
51Ti rath rath rath rath rath rath rath kart lp00
45V rath rath rath rt laur rath ffn8
46V rath rath rath rath rt rath rath rt lp00
47V rath rath rath rath rath rath rath rt rath rath rt lp00
48V rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
49V rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
50V rath rath rath rath rath rath rath rath kart rath rath rt lp00 lp00
51V rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
52V rath rath rath rath rath rath rath rath rath kart lp00
48Cr rath rath rath rath rath rt rath rath lp00
49Cr rath rath rath rath rath rath rath rt rath rath rt lp00
50Cr rath rath rath rath rath rath rath rath kart rath rath rt lp00 lp00
51Cr rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
52Cr rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
53Cr rath rath rath rath rath rath rath kart rath rath kart lp00
54Cr rath rath rath rath rath rath rath kart rath kart lp00
55Cr rath rath rath rath rath rath kart lp00
50Mn rath rath rath rath rt rath rath lp00
51Mn rath rath rath rath rath rath rath rt rath rath rt lp00
52Mn rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
53Mn rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
54Mn rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
55Mn rath rath rath rath rath rath rath rath kart rath rath rt lp00 lp00
56Mn rath rath rath rath rath rath rt rath rath kart lp00
57Mn rath rath rath rath rath rath rt lp00
52Fe rath rath rath rath rt rath rath lp00
53Fe rath rath rath rath rath rath rath rt rath rath rt lp00
54Fe rath rath rath rath rath rath rath rath kart rath rath rt lp00 lp00
55Fe rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
56Fe rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
57Fe rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
58Fe rath rath rath rath rath rath rath kart rath rath kart lp00
59Fe rath rath rath rath rath rt rath kart lp00
60Fe rath rath rath rath rath kart rt lp00
61Fe rath rath rath kart lp00
54Co rath rath rath rath rath rt rath rath lp00
55Co rath rath rath rath rath rath rath rt rath rath rt lp00
56Co rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
57Co rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
58Co rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
59Co rath rath rath rath rath rath rath rath kart rath rath rt lp00 lp00
60Co rath rath rath rath rath rath rath rath rt rath rath kart lp00 lp00
61Co rath rath rath rath rath rath rath rath rath rt lp00 lp00
56Ni re98 rath rath rath rath rt rath rath lp00
57Ni rath rath rath rath rath rath rath rath rt rath rath rt lp00 ffn8
58Ni rath rath rath rath rath rath rath rath kart rath rath rt lp00 lp00
59Ni rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
60Ni rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
61Ni rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
62Ni rath rath rath rath rath rath rath kart rath rath kart lp00
63Ni rath rath rath rath rath rath rath kart rath kart lp00
64Ni rath rath rath rath rath rath kart rath kart lp00
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Table 3 (continued)
isotope (p,α) (p,n) (p,γ) (α,p) (α,n) (α,γ) (n,p) (n,α) (n,γ) (γ,p) (γ,α) (γ,n) (β+) (β−)
65Ni rath rath rath rath rath kart lp00
57Cu rath rath rath rt re98 ffn8
58Cu rath rath rath rath rt rath rath rt lp00
59Cu rath rath rath rath rath rath rath rt rath rath rt lp00
60Cu rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
61Cu rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
62Cu rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
63Cu rath rath rath rath rath rath rath rath kart rath rath rt lp00 lp00
64Cu rath rath rath rath rath rath rath rath rt rath rath kart lp00 lp00
65Cu rath rath rath rath rath rath rath kart rath rath rt lp00 lp00
66Cu rath rath rath rath rath rath rath kart rath
60Zn rath rath rath rath rath rt rath rath lp00
61Zn rath rath rath rath rath rath rath rt rath rath rt lp00
62Zn rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
63Zn rath rath rath rath rath rath rath rath rt rath rath rt lp00 lp00
64Zn rath rath rath rath rath rath rath rath kart rath rath rt lp00 lp00
65Zn rath rath rath rath rath rath rath rath kart rath rath kart lp00 lp00
66Zn rath rath rath rath rath rath rath rath kart rath rath kart
67Zn rath rath rath rath rath rath rath kart rath rath kart
68Zn rath rath rath rath rath rath rath kart rath kart
69Zn rath rath rath rath rath rath rt rath kart rath
70Zn rath rath rath rath kart rt
71Zn rath rath rath rath kart rath
62Ga rath rath rath rt rath rath lp00
63Ga rath rath rath rath rath rt rath rath rt lp00
64Ga rath rath rath rath rath rath rt rath rath rt lp00 lp00
65Ga rath rath rath rath rath rath rt rath rath rt lp00 lp00
66Ga rath rath rath rath rath rath rt rath rath rt rath
67Ga rath rath rath rath rath rath rath rt rath rath rt rath
68Ga rath rath rath rath rath rath rath rath rt rath rath rt rath
69Ga rath rath rath rath rath rath rath rath kart rath rath rt
70Ga rath rath rath rath rath rath rath rt rath rath kart rath
71Ga rath rath rath rath rath rath rath kart rath rt
72Ga rath rath rath rath rath rath rath kart rath
64Ge rath rath rt rath rath lp00
65Ge rath rath rath rt rath rath rt lp00
66Ge rath rath rath rt rath rath rt rath
67Ge rath rath rath rt rath rath rt rath
68Ge rath rath rath rath rt rath rath rt rath
69Ge rath rath rath rath rt rath rath rt rath
70Ge rath rath rath rath rath rath kart rath rath rt
71Ge rath rath rath rath rath rath rath rath rt rath rath kart rath
72Ge rath rath rath rath rath rath rath rath kart rath rath rt
73Ge rath rath rath rath rath rath rath kart rath rath kart
74Ge rath rath rath rath rath rath rath kart rath kart
75Ge rath rath rath rath rath rt rath kart rath
76Ge rath rath rath rath kart rt
77Ge rath rath rath kart rath
71As rath rath rath rath rath rt rath rath rath
72As rath rath rath rath rath rath rt rath rath rt rath
73As rath rath rath rath rath rath rath rt rath rath rt rath
74As rath rath rath rath rath rath rath rath rt rath rath rt rath rath
75As rath rath rath rath rath rath rath rath kart rath rath rt
76As rath rath rath rath rath rath rath rt rath rath kart rath
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Table 3 (continued)
isotope (p,α) (p,n) (p,γ) (α,p) (α,n) (α,γ) (n,p) (n,α) (n,γ) (γ,p) (γ,α) (γ,n) (β+) (β−)
77As rath rath rath rath rath rath rath rath rt rath
74Se rath rath rath rath rath rath kart rath rath
75Se rath rath rath rath rath rath rath rath rt rath rath kart rath
76Se rath rath rath rath rath rath rath rath kart rath rath rt
77Se rath rath rath rath rath rath rath rath kart rath rath kart
78Se rath rath rath rath rath rath rath kart rath rath kart
79Se rath rath rath rath rath rath rath kart rath kart taka
80Se rath rath rath rath rath rath rath kart rath kart
81Se rath rath rath rath rt rath kart rath
82Se rath rath rath rath kart rt
83Se rath rath rath kart rath
75Br rath rath rath rath rt rath rath rath
76Br rath rath rath rath rath rt rath rath rt rath
77Br rath rath rath rath rath rath rath rt rath rath rt rath
78Br rath rath rath rath rath rath rath rath rt rath rath rt rath
79Br rath rath rath rath rath rath rath rath kart rath rath rt
80Br rath rath rath rath rath rath rath rath rt rath rath kart rath rath
81Br rath rath rath rath rath rath rath kart rath rath rt
82Br rath rath rath rath rath rath rath rt rath kart rath
83Br rath rath rath rath rath rath rath rath rt rath
78Kr rath rath rath rath rath kart rath rath
79Kr rath rath rath rath rath rath kart rath rath kart rath
80Kr rath rath rath rath rath rath rath kart rath rath kart
81Kr rath rath rath rath rath rath rath rath kart rath rath kart taka
82Kr rath rath rath rath rath rath rath rath kart rath rath kart
83Kr rath rath rath rath rath rath rath rath kart rath rath kart
84Kr rath rath rath rath rath rath rath kart rath rath kart
85Kr rath rath rath rath rath rath rath kart rath kart rath
86Kr rath rath rath rath rath rath kart rath kart
87Kr rath rath rath rath rath kart rath
79Rb rath rath rt rath rath rath
80Rb rath rath rt rath rath rt rath
81Rb rath rath rath rath rath rt rath rath rt rath
82Rb rath rath rath rath rath rath rt rath rath rt rath
83Rb rath rath rath rath rath rath rath rt rath rath rt rath
84Rb rath rath rath rath rath rath rath rath rt rath rath rt rath rath
85Rb rath rath rath rath rath rath rath rath kart rath rath rt
86Rb rath rath rath rath rath rath rath rath kart rath rath kart taka
87Rb rath rath rath rath rath rath rath kart rath rath kart rath
88Rb rath rath rath rath rath rath kart rath
84Sr rath rath rath rath rath kart rath rath
85Sr rath rath rath rath rath rath rt rath rath kart rath
86Sr rath rath rath rath rath rath rath kart rath rath rt
87Sr rath rath rath rath rath rath rath rath kart rath rath kart
88Sr rath rath rath rath rath rath rath rath kart rath rath kart
89Sr rath rath rath rath rath rath kart rath rath kart rath
90Sr rath rath rath rath rath rath rt rath kart rath
91Sr rath rath rath rath rath rt rath
85Y rath rath rt rath rath rath
86Y rath rath rt rath rath rt rath
87Y rath rath rath rath rath rt rath rath rt rath
88Y rath rath rath rath rath rath rt rath rath rt rath
89Y rath rath rath rath rath rath rath kart rath rath rt
90Y rath rath rath rath rath rath rath rath rt rath rath kart rath
Table 3 continued
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Table 3 (continued)
isotope (p,α) (p,n) (p,γ) (α,p) (α,n) (α,γ) (n,p) (n,α) (n,γ) (γ,p) (γ,α) (γ,n) (β+) (β−)
91Y rath rath rath rath rath rath rath rath rath rath rt rath
90Zr rath rath rath rath rath rath rath kart rath rath
91Zr rath rath rath rath rath rath rath rath kart rath rath kart
92Zr rath rath rath rath rath rath rath kart rath rath kart
93Zr rath rath rath rath rath rath rath kart rath kart rath
94Zr rath rath rath rath rath rath rath kart rath kart
95Zr rath rath rath kart rath kart taka
96Zr rath rath kart kart rath
97Zr rath kart rath
91Nb rath rath rath rath rt rath rath rath
92Nb rath rath rath rath rath rt rath rath rt rath rath
93Nb rath rath rath rath rath rath kart rath rath rt
94Nb rath rath rath rath rath rath kart rath rath kart taka
95Nb rath rath rath rath rath kart rath rath kart rath
96Nb rath rath rath rath rt rath kart rath
97Nb rath rath rath rath rath rt rath
92Mo rath kart rath
93Mo rath rath rt rath kart taka
94Mo rath rath rath kart rath rath rt
95Mo rath rath rath kart rath rath kart
96Mo rath rath rath kart rath rath kart
97Mo rath rath rath kart rath rath kart
98Mo rath rath kart rath rath kart
132Xe kart kart
133Xe kart kart taka
134Xe kart kart
135Xe kart tanu
133Cs kart rt
134Cs kart kart taka
135Cs kart kart taka
136Cs rt kart taka
137Cs rt rt taka
138Cs rt tanu
134Ba kart rt
135Ba kart kart
136Ba kart kart
137Ba kart kart
138Ba kart kart
139Ba kart tanu
138La kart
139La kart kart
140La kart tanu
140Ce kart kart
141Ce kart taka
141Pr kart rt
142Pr kart taka
142Nd kart rt
143Nd kart kart
144Nd kart kart
202Hg kart kart
203Hg kart kart taka
204Hg kart kart
205Hg kart tanu
203Tl kart rt
Table 3 continued
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Table 3 (continued)
isotope (p,α) (p,n) (p,γ) (α,p) (α,n) (α,γ) (n,p) (n,α) (n,γ) (γ,p) (γ,α) (γ,n) (β+) (β−)
204Tl kart kart taka
205Tl kart kart
206Tl kart tanu
204Pb kart rt
205Pb kart kart taka
206Pb kart kart
207Pb kart kart
208Pb kart kart
209Pb kart tanu
208Bi tanu
209Bi kart rt
aWe treat the ground (26Alg) and isomeric (26Alm) states of 26Al as separate species for T ≤ 109 K, while we assume the two states
to be in statistical equilibrium (and therefore we consider just one isotope) above this temperature (Limongi & Chieffi 2006)
b 26Alg ground state
c 26Alm isomeric state
Note— bet+ = beta plus decay; desc = Descouvemont et al. (2004); ka03 = Dillmann et al. (2009), KADoNiS v0.3; nacr =
Angulo et al. (1999), NACRE; cf88 = Caughlan & Fowler (1988); ku02 = Kunz et al. (2002), adopted rate; im05 = Imbriani et al.
(2005); mc10 = Iliadis et al. (2010); bb92 = Rauscher et al. (1994); wies = M. Wiescher and collaborators; rath = last version
of the REACLIB available at the web site https://nucastro.org/reaclib.html; wago = Wagoner (1969); mafo = Malaney & Fowler
(1989); fkth = Cowan et al. (1991); wfho = Wagoner et al. (1967); od94 = Oda et al. (1994); bl03 = Blackmon et al. (2003); kart
= Dillmann et al. (2009) in the energy range 5-100 keV and Rauscher & Thielemann (2000) above this limit, but rescaled to match
the experimental values of Dillmann et al. (2009) at 100 keV; mc11 = Sallaska et al. (2011); rt = Rauscher & Thielemann (2000);
de07 = de Smet et al. (2007); ko97 = Koehler et al. (1997); ffn8 = Fuller, Fowler & Newman (1982); og10 = Oginni et al. (2011);
ka02 = ?, , KADoNiS v0.2; il09 = Iliadis et al. (2011); nass = Nassar et al. (2006) lp00 = Langanke & Mart´ınez-Pinedo (2000);
laur = van Wormer et al. (1994); re98 = Rehm et al. (1998); taka = Takahashi & Yokoi (1987); tanu = terrestrial half-life.
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Table 4. Network reference ma-
trix for special nuclear reactions
reaction reference
p (p ,e+ν)2H nacr
3He (3He ,2p )α nacr
α (3He ,γ)7Be cy08
2H (2H ,p )3H nacr
2H (2H ,n )3He desc
2H (2H ,γ)α nacr
3H (p ,2H )2H nacr
3H (2H ,n )α desc
3He (2H ,p )α desc
3He (3H ,2H )α cf88
3He (n ,2H )2H desc
2α (α ,γ)12C nacr
α (p ,2H )3He desc
α (2H ,3H )3He cf88
α (3H ,n )6Li cf88
α (3H ,n )6Li desc
α (3He ,p )6Li nacr
α (n ,2H )3H desc
6Li (p ,3He)α nacr
6Li (2H ,n )7Be mafo
6Li (2H ,p )7Li mafo
6Li (n ,3H )α cf88
7Li (p ,2H )6Li mafo
7Li (2H ,p )8Li mafo
7Li (3H ,n )9Be bb92
7Be (n ,2H )6Li mafo
9Be (3H ,n )11B bb92
9Be (n ,2H )8Li mafo
9Be (n ,3H )7Li bb92
11B (n ,3H )9Be bb92
13C (2H ,n )14N bb92
14C (2H ,n )15N bb92
14N (n ,2H )13C bb92
15N (n ,2H )14C bb92
12C (12C ,n )23Mg da77
12C (12C ,p )23Na cf88
12C (12C ,α)20Ne cf88
12C (16O ,n )27Si cf88
12C (16O ,p )27Al cf88
12C (16O ,α)24Mg cf88
16O (16O ,n )31S cf88
16O (16O ,p )31P cf88
16O (16O ,α)28Si cf88
20Ne (12C ,n )31S rolf
20Ne (12C ,p )31P rolf
20Ne (12C ,α)28Si rolf
Note— cy08 = Cyburt & Davids
(2008); da77 = Dayras et al. (1977);
rolf = C. Rolfs and collaborators;
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Table 5. Main evolutionary properties of the models with v=000 km/s and metallicity [Fe/H]=0
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 1.36(+5) 0.00 4.47 4.08 13.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 1.61(+7) 5.47 4.39 4.53 12.90 2.95 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
He 1.09(+6) 1.70 3.57 4.70 12.10 4.08 1.74 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.02(−1) 2.85(−1) 2.31(−3) 1.60(+0) 4.57(−1)
C 9.09(+3) 0.60 3.55 4.82 11.90 4.08 1.97 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.02(−1) 2.85(−1) 2.31(−3) 1.61(+0) 4.57(−1)
Ne 5.68(+0) 0.56 3.55 4.82 11.90 4.08 2.03 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.02(−1) 2.85(−1) 2.31(−3) 1.61(+0) 4.57(−1)
O 4.17(+0) 0.93 3.55 4.82 11.90 4.08 2.03 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.02(−1) 2.85(−1) 2.31(−3) 1.61(+0) 4.57(−1)
Si 3.50(−1) 1.09 3.55 4.82 11.90 4.08 2.03 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.02(−1) 2.85(−1) 2.31(−3) 1.61(+0) 4.57(−1)
PSN 1.77(−3) 0.00 3.55 4.82 11.90 4.08 2.03 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.02(−1) 2.85(−1) 2.31(−3) 1.61(+0) 4.57(−1)
15
MS 1.06(+5) 0.00 4.50 4.27 15.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 1.31(+7) 6.67 4.42 4.71 14.90 3.71 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
He 9.50(+5) 2.56 3.56 4.89 13.80 4.96 2.57 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.98(−1) 2.88(−1) 2.38(−3) 1.66(+0) 4.78(−1)
C 3.76(+3) 0.59 3.54 4.98 13.30 4.95 2.81 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.98(−1) 2.89(−1) 2.39(−3) 1.66(+0) 4.79(−1)
Ne 4.51(+0) 0.74 3.54 4.98 13.30 4.95 2.78 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.98(−1) 2.89(−1) 2.39(−3) 1.66(+0) 4.79(−1)
O 2.07(+0) 0.97 3.54 4.98 13.30 4.95 2.78 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.98(−1) 2.89(−1) 2.39(−3) 1.66(+0) 4.79(−1)
Si 1.46(−1) 1.08 3.54 4.98 13.30 4.95 2.78 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.98(−1) 2.89(−1) 2.39(−3) 1.66(+0) 4.79(−1)
PSN 1.54(−3) 0.00 3.54 4.98 13.30 4.95 2.78 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.98(−1) 2.89(−1) 2.39(−3) 1.66(+0) 4.79(−1)
20
MS 6.82(+4) 0.00 4.55 4.61 20.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 9.09(+6) 9.91 4.45 5.04 19.50 5.67 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
He 5.83(+5) 3.59 4.38 5.20 7.86 7.30 3.65 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 3.71(−1) 6.16(−1) 8.33(−3) 1.56(+2) 6.39(+1)
C 1.79(+3) 0.56 3.88 5.23 7.55 7.29 3.95 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 3.18(−1) 6.69(−1) 8.32(−3) 1.48(+2) 6.45(+1)
Ne 4.15(−1) 0.74 4.00 5.23 7.54 7.29 3.86 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 3.16(−1) 6.71(−1) 8.32(−3) 1.47(+2) 6.43(+1)
O 1.27(+0) 0.93 4.02 5.23 7.54 7.29 3.86 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 3.16(−1) 6.71(−1) 8.32(−3) 1.47(+2) 6.43(+1)
Si 5.64(−2) 1.09 4.01 5.23 7.54 7.29 3.86 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 3.16(−1) 6.71(−1) 8.32(−3) 1.47(+2) 6.43(+1)
PSN 1.31(−3) 0.00 4.01 5.23 7.54 7.29 3.86 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 3.16(−1) 6.71(−1) 8.32(−3) 1.47(+2) 6.43(+1)
25
MS 4.95(+4) 0.00 4.59 4.86 25.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 7.21(+6) 13.50 4.45 5.26 23.90 7.79 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
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Table 5 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 5.33(+5) 6.03 5.16 5.23 8.66 0.00 6.15 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.27(+1) 1.04(+2)
C 6.88(+2) 0.04 5.11 5.40 8.54 0.00 6.21 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.23(+1) 1.04(+2)
Ne 4.11(−1) 0.61 5.11 5.40 8.54 0.00 6.21 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.23(+1) 1.04(+2)
O 6.59(−1) 0.99 5.10 5.39 8.54 0.00 6.22 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.23(+1) 1.04(+2)
Si 2.96(−2) 1.13 5.09 5.38 8.54 0.00 6.22 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.23(+1) 1.04(+2)
PSN 1.07(−3) 0.00 5.09 5.38 8.54 0.00 6.21 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.23(+1) 1.04(+2)
30
MS 3.97(+4) 0.00 4.61 5.06 30.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 6.13(+6) 17.30 4.45 5.42 28.00 9.93 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
He 4.50(+5) 7.81 5.18 5.41 11.00 0.00 7.85 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.08(+1) 1.07(+2)
C 4.59(+2) 0.00 5.15 5.54 10.80 0.00 7.93 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.04(+1) 1.07(+2)
Ne 1.41(−1) 0.65 5.15 5.55 10.80 0.00 7.92 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.04(+1) 1.07(+2)
O 1.51(−1) 1.27 5.16 5.55 10.80 0.00 7.91 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.04(+1) 1.07(+2)
Si 7.65(−4) 1.08 5.16 5.55 10.80 0.00 7.91 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.04(+1) 1.07(+2)
PSN 4.82(−4) 0.00 5.16 5.55 10.80 0.00 7.91 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.28(−3) 7.04(+1) 1.07(+2)
40
MS 3.38(+4) 0.00 4.65 5.34 40.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 4.88(+6) 25.00 4.41 5.64 35.30 14.40 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
He 3.82(+5) 11.50 5.20 5.61 14.30 0.00 7.15 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.26(−3) 6.44(+1) 1.07(+2)
C 1.93(+2) 0.00 5.27 5.71 14.10 0.00 11.60 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.26(−3) 6.41(+1) 1.04(+2)
Ne 1.40(−1) 0.51 5.28 5.71 14.10 0.00 10.80 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.26(−3) 6.41(+1) 1.04(+2)
O 1.82(−1) 1.25 5.27 5.71 14.10 0.00 10.60 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.26(−3) 6.41(+1) 1.04(+2)
Si 1.00(−3) 1.05 5.27 5.70 14.10 0.00 10.60 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.26(−3) 6.41(+1) 1.04(+2)
PSN 5.05(−4) 0.00 5.27 5.71 14.10 0.00 10.60 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 9.87(−1) 8.26(−3) 6.41(+1) 1.04(+2)
60
MS 2.58(+4) 0.00 4.69 5.69 60.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 3.82(+6) 41.20 3.91 5.90 41.50 23.10 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.99(−1) 2.88(−1) 6.56(−3) 1.26(+2) 3.06(+0)
He 3.52(+5) 17.90 5.23 5.74 17.00 0.00 6.44 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 5.11(−1) 4.59(−1) 1.12(−0) 7.37(−0)
C 1.80(+2) 0.00 5.33 5.84 17.00 0.00 13.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 5.00(−1) 5.18(−1) 1.24(−0) 7.82(−0)
Ne 1.06(−1) 0.44 5.35 5.85 17.00 0.00 13.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 5.00(−1) 5.18(−1) 1.24(−0) 7.82(−0)
O 9.50(−2) 1.53 5.35 5.85 17.00 0.00 13.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 5.00(−1) 5.18(−1) 1.24(−0) 7.82(−0)
Si 7.32(−4) 1.14 5.35 5.85 17.00 0.00 13.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 5.00(−1) 5.18(−1) 1.24(−0) 7.82(−0)
PSN 4.29(−4) 0.00 5.35 5.85 17.00 0.00 13.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 5.00(−1) 5.18(−1) 1.24(−0) 7.82(−0)
Table 5 continued
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Table 5 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 2.19(+4) 0.00 4.71 5.92 80.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 3.33(+6) 58.80 4.45 6.09 44.40 32.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 3.47(−1) 6.40(−1) 8.32(−3) 1.18(+2) 8.05(+1)
He 3.20(+5) 26.30 5.24 5.93 22.80 0.00 0.02 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.99(−1) 1.03(−0) 2.52(−0) 1.42(−9)
C 7.16(+1) 0.00 5.36 6.03 22.70 0.00 18.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.89(−1) 1.16(−0) 2.80(−0) 1.51(−9)
Ne 8.01(−2) 0.00 5.37 6.04 22.70 0.00 18.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.89(−1) 1.16(−0) 2.80(−0) 1.51(−9)
O 4.11(−2) 1.68 5.38 6.04 22.70 0.00 18.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.89(−1) 1.16(−0) 2.80(−0) 1.51(−9)
Si 3.81(−4) 1.16 5.38 6.04 22.70 0.00 18.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.89(−1) 1.16(−0) 2.80(−0) 1.51(−9)
PSN 3.43(−4) 0.00 5.38 6.04 22.70 0.00 18.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.89(−1) 1.16(−0) 2.80(−0) 1.51(−9)
120
MS 1.89(+4) 0.00 4.73 6.21 120.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 2.82(+6) 93.00 4.71 6.21 48.30 42.40 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 3.84(−2) 9.48(−1) 8.29(−3) 7.80(+1) 9.98(+1)
He 3.03(+5) 35.70 5.24 6.05 28.00 0.00 0.01 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.79(−1) 2.28(−0) 5.47(−0) 2.63(−9)
C 4.72(+1) 0.00 5.36 6.15 27.90 0.00 22.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.79(−1) 2.29(−0) 5.51(−0) 2.64(−9)
Ne 6.84(−2) 0.00 5.37 6.16 27.90 0.00 22.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.79(−1) 2.29(−0) 5.51(−0) 2.64(−9)
O 3.06(−2) 1.76 5.37 6.16 27.90 0.00 22.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.79(−1) 2.29(−0) 5.51(−0) 2.64(−9)
Si 2.56(−4) 1.18 5.37 6.16 27.90 0.00 22.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.79(−1) 2.29(−0) 5.51(−0) 2.64(−9)
PSN 2.86(−4) 0.00 5.37 6.16 27.90 0.00 22.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 4.79(−1) 2.29(−0) 5.51(−0) 2.64(−9)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
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Table 6. Main evolutionary properties of the models with v=150 km/s and metallicity [Fe/H]=0
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 1.55(+5) 0.00 4.46 4.08 13.00 0.00 0.00 1.50(+2) 4.98(−05) 3.53(−1) 8.44(−2) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 1.93(+7) 5.46 4.40 4.67 12.70 3.46 0.00 4.69(+1) 5.89(−06) 1.86(−1) 5.79(−2) 6.84(−1) 3.02(−1) 2.59(−3) 1.83(+0) 5.42(−1)
He 1.47(+6) 2.96 5.13 4.82 5.12 5.04 3.28 1.89(−2) 5.75(−08) 2.42(−5) 5.27(−3) 3.62(−4) 9.43(−1) 3.26(−2) 4.58(+0) 3.46(+0)
C 1.42(+3) 0.32 5.07 5.08 5.06 0.00 3.72 3.09(+1) 5.35(−05) 5.25(−2) 5.13(−3) 0.00(+0) 9.22(−1) 2.64(−2) 9.79(−1) 1.52(+0)
Ne 1.18(+0) 0.65 5.07 5.08 5.06 0.00 3.64 3.03(+1) 5.14(−05) 5.20(−2) 5.13(−3) 0.00(+0) 9.22(−1) 2.64(−2) 9.78(−1) 1.52(+0)
O 1.45(+0) 1.09 5.08 5.09 5.06 0.00 3.64 3.13(+1) 5.49(−05) 5.29(−2) 5.13(−3) 0.00(+0) 9.22(−1) 2.64(−2) 9.78(−1) 1.52(+0)
Si 3.91(−2) 1.14 5.08 5.10 5.06 0.00 3.41 3.19(+1) 5.70(−05) 5.34(−2) 5.13(−3) 0.00(+0) 9.22(−1) 2.64(−2) 9.78(−1) 1.52(+0)
PSN 2.24(−3) 0.00 5.09 5.10 5.06 0.00 3.41 3.24(+1) 5.91(−05) 5.38(−2) 5.13(−3) 0.00(+0) 9.22(−1) 2.64(−2) 9.78(−1) 1.52(+0)
15
MS 1.29(+5) 0.00 4.49 4.26 15.00 0.00 0.00 1.50(+2) 4.60(−05) 3.43(−1) 1.09(−1) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 1.56(+7) 6.66 4.42 4.85 14.70 4.39 0.00 7.00(+1) 7.75(−06) 2.72(−1) 8.07(−2) 6.90(−1) 2.97(−1) 2.45(−3) 1.64(+0) 5.05(−1)
He 1.26(+6) 3.87 5.13 5.02 6.37 6.24 5.21 4.57(+1) 1.10(−04) 5.88(−2) 7.76(−3) 1.48(−2) 9.51(−1) 2.56(−2) 1.15(+2) 8.40(+0)
C 6.43(+2) 0.00 5.14 5.22 6.31 0.00 4.79 3.95(+1) 7.82(−05) 5.63(−2) 7.58(−3) 7.77(−7) 9.48(−1) 3.20(−2) 5.53(+0) 3.72(+0)
Ne 2.29(−1) 0.42 5.14 5.23 6.31 0.00 4.79 4.07(+1) 8.30(−05) 5.72(−2) 7.58(−3) 7.75(−7) 9.48(−1) 3.20(−2) 5.52(+0) 3.72(+0)
O 4.51(−1) 1.21 5.15 5.23 6.31 0.00 4.33 4.09(+1) 8.40(−05) 5.74(−2) 7.58(−3) 7.74(−7) 9.48(−1) 3.20(−2) 5.52(+0) 3.72(+0)
Si 1.52(−2) 1.21 5.13 5.22 6.31 0.00 4.33 3.92(+1) 7.70(−05) 5.61(−2) 7.57(−3) 7.74(−7) 9.48(−1) 3.20(−2) 5.52(+0) 3.72(+0)
PSN 1.10(−4) 0.00 5.13 5.22 6.31 0.00 4.16 3.90(+1) 7.63(−05) 5.60(−2) 7.57(−3) 7.74(−7) 9.48(−1) 3.20(−2) 5.52(+0) 3.72(+0)
20
MS 7.43(+4) 0.00 4.55 4.61 20.00 0.00 0.00 1.48(+2) 3.89(−05) 3.19(−1) 1.80(−1) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 1.10(+7) 9.94 4.45 5.18 19.20 6.89 0.00 4.64(+1) 4.01(−06) 1.80(−1) 1.11(−1) 6.68(−1) 3.18(−1) 2.96(−3) 2.14(+0) 6.75(−1)
He 7.75(+5) 5.63 5.18 5.18 7.76 0.00 6.40 6.39(+1) 1.63(−04) 7.24(−2) 1.11(−2) 0.00(+0) 6.23(−1) 7.06(−3) 2.64(−2) 7.77(−2)
C 8.12(+2) 0.00 5.21 5.36 7.71 0.00 5.79 5.82(+1) 1.36(−04) 6.91(−2) 1.09(−2) 0.00(+0) 5.97(−1) 6.51(−3) 2.30(−2) 6.42(−2)
Ne 2.14(−1) 0.71 5.22 5.37 7.71 0.00 5.79 6.03(+1) 1.45(−04) 7.03(−2) 1.09(−2) 0.00(+0) 5.97(−1) 6.51(−3) 2.30(−2) 6.42(−2)
O 2.80(−1) 1.29 5.23 5.38 7.71 0.00 5.52 6.29(+1) 1.58(−04) 7.19(−2) 1.09(−2) 0.00(+0) 5.97(−1) 6.51(−3) 2.30(−2) 6.42(−2)
Si 7.65(−4) 1.12 5.22 5.37 7.71 0.00 5.52 6.22(+1) 1.55(−04) 7.15(−2) 1.09(−2) 0.00(+0) 5.97(−1) 6.51(−3) 2.30(−2) 6.42(−2)
PSN 7.48(−4) 0.00 5.23 5.37 7.71 0.00 5.52 6.24(+1) 1.56(−04) 7.16(−2) 1.09(−2) 0.00(+0) 5.97(−1) 6.51(−3) 2.30(−2) 6.42(−2)
25
MS 6.35(+4) 0.00 4.58 4.86 25.00 0.00 0.00 1.48(+2) 3.44(−05) 3.04(−1) 2.60(−1) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 8.54(+6) 13.50 4.47 5.37 23.10 9.13 0.00 2.32(+1) 1.83(−06) 8.64(−2) 1.28(−1) 6.43(−1) 3.44(−1) 3.59(−3) 2.87(+0) 9.32(−1)
Table 6 continued
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Table 6 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 6.27(+5) 7.40 5.20 5.32 9.29 0.00 7.74 6.54(+1) 1.52(−04) 7.08(−2) 1.46(−2) 0.00(+0) 5.32(−1) 3.18(−3) 9.08(−3) 3.17(−2)
C 5.49(+2) 0.00 5.26 5.47 9.25 0.00 7.15 7.41(+1) 1.96(−04) 7.53(−2) 1.45(−2) 0.00(+0) 5.14(−1) 2.98(−3) 8.27(−3) 2.75(−2)
Ne 9.77(−1) 0.65 5.25 5.46 9.25 0.00 6.91 7.13(+1) 1.82(−04) 7.40(−2) 1.45(−2) 0.00(+0) 5.14(−1) 2.98(−3) 8.27(−3) 2.75(−2)
O 6.49(−1) 1.29 5.27 5.48 9.25 0.00 6.91 7.68(+1) 2.11(−04) 7.67(−2) 1.45(−2) 0.00(+0) 5.14(−1) 2.98(−3) 8.27(−3) 2.75(−2)
Si 2.06(−3) 1.21 5.28 5.48 9.25 0.00 6.91 7.93(+1) 2.25(−04) 7.80(−2) 1.45(−2) 0.00(+0) 5.14(−1) 2.98(−3) 8.27(−3) 2.75(−2)
PSN 1.25(−3) 0.00 5.29 5.49 9.25 0.00 6.91 8.09(+1) 2.34(−04) 7.87(−2) 1.45(−2) 0.00(+0) 5.14(−1) 2.98(−3) 8.27(−3) 2.75(−2)
30
MS 4.62(+4) 0.00 4.61 5.05 30.00 0.00 0.00 1.48(+2) 3.12(−05) 2.91(−1) 3.54(−1) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 7.22(+6) 17.30 4.51 5.52 26.50 11.60 0.00 9.11(+0) 7.16(−07) 3.18(−2) 1.45(−1) 5.98(−1) 3.89(−1) 4.52(−3) 4.41(+0) 1.47(+0)
He 5.41(+5) 9.42 5.21 5.46 11.30 0.00 9.48 6.66(+1) 1.40(−04) 6.88(−2) 2.00(−2) 0.00(+0) 4.68(−1) 2.06(−3) 5.22(−3) 1.70(−2)
C 3.76(+2) 0.00 5.30 5.58 11.20 0.00 8.55 8.77(+1) 2.44(−04) 7.90(−2) 1.98(−2) 0.00(+0) 4.55(−1) 1.94(−3) 4.84(−3) 1.52(−2)
Ne 2.28(−1) 0.57 5.31 5.58 11.20 0.00 8.51 9.01(+1) 2.58(−04) 8.00(−2) 1.98(−2) 0.00(+0) 4.55(−1) 1.94(−3) 4.84(−3) 1.52(−2)
O 3.89(−1) 1.11 5.30 5.57 11.20 0.00 8.51 8.64(+1) 2.37(−04) 7.84(−2) 1.98(−2) 0.00(+0) 4.55(−1) 1.94(−3) 4.84(−3) 1.52(−2)
Si 2.52(−3) 1.11 5.29 5.57 11.20 0.00 8.51 8.49(+1) 2.29(−04) 7.77(−2) 1.98(−2) 0.00(+0) 4.55(−1) 1.94(−3) 4.84(−3) 1.52(−2)
PSN 1.24(−3) 0.00 5.29 5.57 11.20 0.00 8.51 8.46(+1) 2.27(−04) 7.75(−2) 1.98(−2) 0.00(+0) 4.55(−1) 1.94(−3) 4.84(−3) 1.52(−2)
40
MS 3.55(+4) 0.00 4.65 5.33 40.00 0.00 0.00 1.50(+2) 2.71(−05) 2.77(−1) 5.58(−1) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 5.63(+6) 25.00 4.54 5.70 32.70 15.90 0.00 6.38(+0) 4.56(−07) 2.10(−2) 1.93(−1) 5.47(−1) 4.39(−1) 5.71(−3) 7.81(+0) 2.64(+0)
He 4.68(+5) 12.20 5.22 5.60 13.80 0.00 11.60 6.57(+1) 1.25(−04) 6.47(−2) 2.67(−2) 0.00(+0) 4.20(−1) 9.89(−4) 2.31(−3) 7.34(−3)
C 1.86(+2) 0.00 5.34 5.71 13.70 0.00 10.70 1.00(+2) 2.92(−04) 8.00(−2) 2.65(−2) 0.00(+0) 4.09(−1) 9.32(−4) 2.16(−3) 6.58(−3)
Ne 1.35(−1) 0.53 5.35 5.72 13.70 0.00 10.60 1.03(+2) 3.10(−04) 8.12(−2) 2.65(−2) 0.00(+0) 4.09(−1) 9.32(−4) 2.16(−3) 6.58(−3)
O 1.58(−1) 1.32 5.34 5.71 13.70 0.00 10.60 1.01(+2) 2.93(−04) 8.01(−2) 2.65(−2) 0.00(+0) 4.09(−1) 9.32(−4) 2.16(−3) 6.58(−3)
Si 8.18(−4) 1.13 5.34 5.71 13.70 0.00 10.60 9.95(+1) 2.87(−04) 7.97(−2) 2.65(−2) 0.00(+0) 4.09(−1) 9.32(−4) 2.16(−3) 6.58(−3)
PSN 6.27(−4) 0.00 5.34 5.71 13.70 0.00 10.60 9.87(+1) 2.82(−04) 7.93(−2) 2.65(−2) 0.00(+0) 4.09(−1) 9.32(−4) 2.16(−3) 6.58(−3)
60
MS 2.60(+4) 0.00 4.69 5.69 60.00 0.00 0.00 1.48(+2) 2.15(−05) 2.49(−1) 1.06(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 4.27(+6) 41.20 4.51 5.96 44.00 24.40 0.00 5.69(+0) 2.76(−07) 1.96(−2) 3.02(−1) 4.91(−1) 4.95(−1) 6.83(−3) 1.51(+1) 5.36(+0)
He 3.84(+5) 19.50 5.24 5.83 19.30 0.00 9.37 6.88(+1) 1.09(−04) 6.28(−2) 4.62(−2) 0.00(+0) 3.71(−1) 1.35(−4) 3.10(−4) 7.76(−4)
C 9.79(+1) 0.00 5.38 5.94 19.30 0.00 15.00 1.14(+2) 3.00(−04) 8.07(−2) 4.59(−2) 0.00(+0) 3.59(−1) 1.27(−4) 2.89(−4) 6.83(−4)
Ne 9.21(−2) 0.05 5.38 5.94 19.30 0.00 15.00 1.16(+2) 3.10(−04) 8.14(−2) 4.59(−2) 0.00(+0) 3.59(−1) 1.27(−4) 2.89(−4) 6.83(−4)
O 5.49(−2) 1.67 5.37 5.94 19.30 0.00 15.00 1.13(+2) 2.95(−04) 8.04(−2) 4.59(−2) 0.00(+0) 3.59(−1) 1.27(−4) 2.89(−4) 6.83(−4)
Si 5.24(−4) 1.19 5.37 5.93 19.30 0.00 15.00 1.12(+2) 2.90(−04) 8.01(−2) 4.59(−2) 0.00(+0) 3.59(−1) 1.27(−4) 2.89(−4) 6.83(−4)
PSN 4.55(−4) 0.00 5.38 5.94 19.30 0.00 15.00 1.14(+2) 2.99(−04) 8.07(−2) 4.59(−2) 0.00(+0) 3.59(−1) 1.27(−4) 2.89(−4) 6.83(−4)
Table 6 continued
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Table 6 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 2.18(+4) 0.00 4.71 5.92 80.00 0.00 0.00 1.50(+2) 1.86(−05) 2.37(−1) 1.63(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 3.61(+6) 58.80 4.50 6.12 55.00 32.90 0.00 2.00(+0) 7.71(−08) 6.92(−3) 4.26(−1) 4.44(−1) 5.43(−1) 7.48(−3) 2.61(+1) 9.74(+0)
He 3.47(+5) 26.70 5.24 5.98 24.80 0.00 9.34 6.96(+1) 9.44(−05) 6.04(−2) 6.91(−2) 0.00(+0) 3.23(−1) 3.26(−5) 7.44(−5) 1.47(−4)
C 5.13(+1) 0.00 5.38 6.09 24.80 0.00 19.90 1.12(+2) 2.47(−04) 7.68(−2) 6.86(−2) 0.00(+0) 3.10(−1) 2.97(−5) 6.77(−5) 1.26(−4)
Ne 6.80(−2) 0.00 5.39 6.10 24.80 0.00 19.90 1.16(+2) 2.63(−04) 7.80(−2) 6.86(−2) 0.00(+0) 3.10(−1) 2.97(−5) 6.77(−5) 1.26(−4)
O 3.33(−2) 1.76 5.39 6.11 24.80 0.00 19.90 1.16(+2) 2.63(−04) 7.80(−2) 6.86(−2) 0.00(+0) 3.10(−1) 2.97(−5) 6.77(−5) 1.26(−4)
Si 3.08(−4) 1.16 5.39 6.10 24.80 0.00 19.90 1.16(+2) 2.62(−04) 7.79(−2) 6.85(−2) 0.00(+0) 3.10(−1) 2.97(−5) 6.77(−5) 1.26(−4)
PSN 3.33(−4) 0.00 5.39 6.11 24.80 0.00 19.90 1.16(+2) 2.63(−04) 7.80(−2) 6.85(−2) 0.00(+0) 3.10(−1) 2.97(−5) 6.77(−5) 1.26(−4)
120
MS 1.90(+4) 0.00 4.73 6.21 120.00 0.00 0.00 1.49(+2) 1.43(−05) 2.20(−1) 2.91(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 2.98(+6) 93.20 4.73 6.17 44.60 36.80 0.00 1.64(+0) 1.70(−07) 3.83(−3) 1.10(−1) 2.69(−2) 9.60(−1) 8.29(−3) 7.58(+1) 1.01(+2)
He 3.21(+5) 33.20 5.24 6.02 26.70 0.00 0.05 2.97(+1) 3.84(−05) 2.55(−2) 3.48(−2) 0.00(+0) 4.30(−1) 1.90(−7) 4.38(−7) 1.60(−6)
C 4.74(+1) 0.00 5.37 6.13 26.50 0.00 21.10 4.64(+1) 9.39(−05) 3.19(−2) 3.44(−2) 0.00(+0) 4.18(−1) 1.62(−7) 3.70(−7) 1.29(−6)
Ne 6.98(−2) 0.00 5.38 6.14 26.50 0.00 21.10 4.77(+1) 9.91(−05) 3.23(−2) 3.44(−2) 0.00(+0) 4.18(−1) 1.62(−7) 3.70(−7) 1.29(−6)
O 3.10(−2) 1.75 5.38 6.14 26.50 0.00 21.10 4.77(+1) 9.94(−05) 3.24(−2) 3.44(−2) 0.00(+0) 4.18(−1) 1.62(−7) 3.70(−7) 1.29(−6)
Si 2.68(−4) 1.16 5.38 6.14 26.50 0.00 21.10 4.77(+1) 9.92(−05) 3.24(−2) 3.44(−2) 0.00(+0) 4.18(−1) 1.62(−7) 3.70(−7) 1.29(−6)
PSN 3.18(−4) 0.00 5.37 6.14 26.50 0.00 21.10 4.74(+1) 9.79(−05) 3.23(−2) 3.44(−2) 0.00(+0) 4.18(−1) 1.62(−7) 3.70(−7) 1.29(−6)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
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Table 7. Main evolutionary properties of the models with v=300 km/s and metallicity [Fe/H]=0
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 1.49(+5) 0.00 4.44 4.03 13.00 0.00 0.00 2.90(+2) 8.76(−05) 6.56(−1) 1.53(−1) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 2.15(+7) 5.36 4.41 4.75 12.60 3.68 0.00 1.40(+2) 1.70(−05) 5.32(−1) 7.87(−2) 6.39(−1) 3.48(−1) 3.59(−3) 3.63(+0) 8.57(−1)
He 1.39(+6) 3.24 5.14 4.87 5.40 0.00 4.36 9.70(−1) 2.94(−06) 1.21(−3) 6.66(−3) 0.00(+0) 7.85(−1) 2.93(−2) 2.54(−1) 4.89(−1)
C 1.32(+3) 0.33 5.10 5.13 5.36 0.00 4.04 4.00(+1) 7.59(−05) 6.31(−2) 6.52(−3) 0.00(+0) 7.50(−1) 2.60(−2) 1.88(−1) 3.46(−1)
Ne 3.07(−1) 0.70 5.11 5.14 5.36 0.00 4.04 4.12(+1) 8.05(−05) 6.41(−2) 6.52(−3) 0.00(+0) 7.50(−1) 2.60(−2) 1.88(−1) 3.46(−1)
O 6.85(−1) 1.14 5.12 5.14 5.36 0.00 3.68 4.19(+1) 8.32(−05) 6.46(−2) 6.52(−3) 0.00(+0) 7.50(−1) 2.60(−2) 1.88(−1) 3.46(−1)
Si 7.89(−3) 1.12 5.11 5.13 5.36 0.00 3.68 4.05(+1) 7.78(−05) 6.35(−2) 6.51(−3) 0.00(+0) 7.50(−1) 2.60(−2) 1.88(−1) 3.46(−1)
PSN 1.78(−3) 0.00 5.11 5.13 5.36 0.00 3.68 4.03(+1) 7.70(−05) 6.34(−2) 6.51(−3) 0.00(+0) 7.50(−1) 2.60(−2) 1.88(−1) 3.46(−1)
15
MS 1.36(+5) 0.00 4.47 4.25 15.00 0.00 0.00 2.93(+2) 8.21(−05) 6.45(−1) 2.00(−1) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 1.69(+7) 6.55 4.42 4.89 14.70 4.58 0.00 1.49(+2) 1.58(−05) 5.57(−1) 1.27(−1) 6.48(−1) 3.39(−1) 3.53(−3) 3.44(+0) 8.40(−1)
He 1.27(+6) 3.93 5.16 5.00 6.27 0.00 5.10 5.29(+1) 1.51(−04) 6.30(−2) 9.36(−3) 0.00(+0) 7.10(−1) 4.61(−2) 3.46(−1) 4.69(−1)
C 9.15(+2) 0.00 5.14 5.22 6.23 0.00 4.26 5.48(+1) 1.12(−04) 7.73(−2) 9.19(−3) 0.00(+0) 6.75(−1) 4.20(−2) 2.75(−1) 3.58(−1)
Ne 4.95(−1) 0.64 5.14 5.22 6.23 0.00 4.59 5.36(+1) 1.07(−04) 7.64(−2) 9.19(−3) 0.00(+0) 6.75(−1) 4.20(−2) 2.75(−1) 3.58(−1)
O 4.24(−1) 1.26 5.15 5.22 6.23 0.00 4.30 5.56(+1) 1.16(−04) 7.79(−2) 9.19(−3) 0.00(+0) 6.75(−1) 4.20(−2) 2.75(−1) 3.58(−1)
Si 1.17(−3) 1.34 5.16 5.23 6.23 0.00 4.31 5.72(+1) 1.22(−04) 7.89(−2) 9.18(−3) 0.00(+0) 6.75(−1) 4.20(−2) 2.75(−1) 3.58(−1)
PSN 3.29(−4) 0.00 5.16 5.23 6.23 0.00 4.31 5.76(+1) 1.24(−04) 7.92(−2) 9.17(−3) 0.00(+0) 6.75(−1) 4.20(−2) 2.75(−1) 3.58(−1)
20
MS 8.03(+4) 0.00 4.53 4.59 20.00 0.00 0.00 3.01(+2) 7.27(−05) 6.23(−1) 3.47(−1) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 1.17(+7) 9.77 4.48 5.20 19.00 7.09 0.00 1.11(+2) 1.11(−05) 3.92(−1) 1.69(−1) 6.10(−1) 3.77(−1) 4.20(−3) 4.49(+0) 1.18(+0)
He 8.18(+5) 5.68 5.19 5.22 8.22 0.00 6.72 4.27(−1) 1.07(−06) 4.73(−4) 1.65(−2) 0.00(+0) 4.97(−1) 5.59(−2) 1.96(−1) 3.90(−1)
C 8.35(+2) 0.00 5.19 5.40 8.18 0.00 6.24 8.29(+1) 1.74(−04) 1.01(−1) 1.63(−2) 0.00(+0) 4.75(−1) 5.19(−2) 1.75(−1) 3.30(−1)
Ne 7.18(−1) 0.71 5.20 5.41 8.18 0.00 6.29 8.40(+1) 1.78(−04) 1.01(−1) 1.63(−2) 0.00(+0) 4.75(−1) 5.19(−2) 1.75(−1) 3.30(−1)
O 4.15(−1) 1.32 5.22 5.42 8.18 0.00 5.88 8.96(+1) 2.03(−04) 1.05(−1) 1.63(−2) 0.00(+0) 4.75(−1) 5.19(−2) 1.75(−1) 3.30(−1)
Si 8.39(−4) 1.13 5.23 5.43 8.18 0.00 5.92 9.29(+1) 2.18(−04) 1.07(−1) 1.63(−2) 0.00(+0) 4.75(−1) 5.19(−2) 1.75(−1) 3.30(−1)
PSN 1.16(−3) 0.00 5.23 5.44 8.18 0.00 5.92 9.47(+1) 2.27(−04) 1.08(−1) 1.63(−2) 0.00(+0) 4.75(−1) 5.19(−2) 1.75(−1) 3.30(−1)
25
MS 5.99(+4) 0.00 4.57 4.85 25.00 0.00 0.00 2.99(+2) 6.44(−05) 5.93(−1) 4.84(−1) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 9.29(+6) 13.40 4.54 5.42 22.40 9.85 0.00 2.70(+1) 2.79(−06) 8.93(−2) 1.54(−1) 5.41(−1) 4.45(−1) 5.19(−3) 6.82(+0) 1.94(+0)
Table 7 continued
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Table 7 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 6.27(+5) 7.65 5.20 5.34 9.52 0.00 7.93 9.11(+1) 2.13(−04) 9.73(−2) 1.91(−2) 0.00(+0) 4.46(−1) 2.86(−3) 7.00(−3) 2.28(−2)
C 5.14(+2) 0.00 5.28 5.48 9.48 0.00 7.16 1.09(+2) 3.03(−04) 1.06(−1) 1.89(−2) 0.00(+0) 4.31(−1) 2.70(−3) 6.51(−3) 1.99(−2)
Ne 7.66(−1) 0.61 5.27 5.48 9.48 0.00 7.16 1.06(+2) 2.89(−04) 1.05(−1) 1.89(−2) 0.00(+0) 4.31(−1) 2.70(−3) 6.51(−3) 1.99(−2)
O 7.46(−1) 1.11 5.28 5.48 9.48 0.00 7.16 1.10(+2) 3.11(−04) 1.07(−1) 1.89(−2) 0.00(+0) 4.31(−1) 2.70(−3) 6.51(−3) 1.99(−2)
Si 1.97(−3) 1.09 5.29 5.49 9.48 0.00 7.16 1.15(+2) 3.38(−04) 1.09(−1) 1.89(−2) 0.00(+0) 4.31(−1) 2.70(−3) 6.51(−3) 1.99(−2)
PSN 1.17(−3) 0.00 5.30 5.50 9.48 0.00 7.16 1.18(+2) 3.57(−04) 1.11(−1) 1.89(−2) 0.00(+0) 4.31(−1) 2.70(−3) 6.51(−3) 1.99(−2)
30
MS 5.07(+4) 0.00 4.59 5.04 30.00 0.00 0.00 2.97(+2) 5.85(−05) 5.68(−1) 6.85(−1) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 7.88(+6) 17.10 4.59 5.56 25.00 12.40 0.00 2.06(+1) 2.22(−06) 6.32(−2) 1.60(−1) 4.70(−1) 5.17(−1) 6.22(−3) 1.13(+1) 3.44(+0)
He 5.50(+5) 9.36 5.21 5.46 11.20 0.00 9.43 8.14(+1) 1.73(−04) 8.38(−2) 2.30(−2) 0.00(+0) 4.25(−1) 2.05(−3) 4.83(−3) 1.54(−2)
C 3.65(+2) 0.00 5.31 5.58 11.20 0.00 8.49 1.10(+2) 3.18(−04) 9.76(−2) 2.28(−2) 0.00(+0) 4.14(−1) 1.94(−3) 4.54(−3) 1.38(−2)
Ne 2.54(−1) 0.56 5.31 5.58 11.20 0.00 8.46 1.12(+2) 3.27(−04) 9.83(−2) 2.28(−2) 0.00(+0) 4.14(−1) 1.94(−3) 4.54(−3) 1.38(−2)
O 4.40(−1) 1.11 5.30 5.57 11.20 0.00 8.46 1.07(+2) 3.01(−04) 9.63(−2) 2.28(−2) 0.00(+0) 4.14(−1) 1.94(−3) 4.54(−3) 1.38(−2)
Si 6.56(−3) 1.15 5.30 5.57 11.20 0.00 8.46 1.06(+2) 2.95(−04) 9.58(−2) 2.28(−2) 0.00(+0) 4.14(−1) 1.94(−3) 4.54(−3) 1.38(−2)
PSN 1.28(−3) 0.00 5.30 5.57 11.20 0.00 8.46 1.07(+2) 2.99(−04) 9.61(−2) 2.28(−2) 0.00(+0) 4.14(−1) 1.94(−3) 4.54(−3) 1.38(−2)
40
MS 3.66(+4) 0.00 4.63 5.32 40.00 0.00 0.00 2.93(+2) 4.97(−05) 5.29(−1) 1.06(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 6.11(+6) 24.80 4.62 5.74 30.20 16.80 0.00 1.31(+1) 1.31(−06) 3.81(−2) 1.97(−1) 4.10(−1) 5.77(−1) 7.15(−3) 2.05(+1) 6.81(+0)
He 4.67(+5) 12.90 5.22 5.61 13.90 0.00 11.70 8.27(+1) 1.57(−04) 8.12(−2) 3.21(−2) 0.00(+0) 3.88(−1) 4.90(−4) 1.11(−3) 3.25(−3)
C 2.14(+2) 0.00 5.34 5.71 13.80 0.00 10.60 1.24(+2) 3.55(−04) 9.96(−2) 3.19(−2) 0.00(+0) 3.77(−1) 4.64(−4) 1.04(−3) 2.91(−3)
Ne 1.41(−1) 0.51 5.35 5.72 13.80 0.00 10.60 1.29(+2) 3.81(−04) 1.01(−1) 3.19(−2) 0.00(+0) 3.77(−1) 4.64(−4) 1.04(−3) 2.91(−3)
O 1.76(−1) 1.31 5.34 5.71 13.80 0.00 10.60 1.26(+2) 3.63(−04) 1.00(−1) 3.19(−2) 0.00(+0) 3.77(−1) 4.64(−4) 1.04(−3) 2.91(−3)
Si 9.67(−4) 1.15 5.34 5.71 13.80 0.00 10.60 1.24(+2) 3.55(−04) 9.96(−2) 3.19(−2) 0.00(+0) 3.77(−1) 4.64(−4) 1.04(−3) 2.91(−3)
PSN 7.11(−4) 0.00 5.34 5.71 13.80 0.00 10.60 1.25(+2) 3.61(−04) 1.00(−1) 3.19(−2) 0.00(+0) 3.77(−1) 4.64(−4) 1.04(−3) 2.91(−3)
60
MS 2.73(+4) 0.00 4.67 5.68 60.00 0.00 0.00 2.96(+2) 4.07(−05) 4.90(−1) 2.08(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 4.82(+6) 40.90 4.85 5.83 25.90 20.60 0.00 8.83(+0) 2.29(−06) 1.72(−2) 6.03(−2) 2.48(−2) 9.62(−1) 8.28(−3) 7.81(+1) 9.12(+1)
He 3.91(+5) 18.30 5.23 5.73 16.70 0.00 12.70 4.19(+1) 7.10(−05) 3.96(−2) 2.38(−2) 0.00(+0) 4.73(−1) 4.67(−5) 1.13(−4) 4.78(−4)
C 1.39(+2) 0.00 5.36 5.84 16.60 0.00 13.30 6.70(+1) 1.83(−04) 5.01(−2) 2.36(−2) 0.00(+0) 4.59(−1) 4.26(−5) 1.02(−4) 4.01(−4)
Ne 1.04(−1) 0.39 5.37 5.85 16.60 0.00 13.00 6.89(+1) 1.94(−04) 5.08(−2) 2.36(−2) 0.00(+0) 4.59(−1) 4.26(−5) 1.02(−4) 4.01(−4)
O 8.83(−2) 1.52 5.37 5.85 16.60 0.00 13.00 6.79(+1) 1.88(−04) 5.04(−2) 2.36(−2) 0.00(+0) 4.59(−1) 4.26(−5) 1.02(−4) 4.01(−4)
Si 6.67(−4) 1.14 5.36 5.85 16.60 0.00 13.00 6.76(+1) 1.86(−04) 5.03(−2) 2.36(−2) 0.00(+0) 4.59(−1) 4.26(−5) 1.02(−4) 4.01(−4)
PSN 4.70(−4) 0.00 5.37 5.85 16.60 0.00 13.00 6.83(+1) 1.90(−04) 5.06(−2) 2.36(−2) 0.00(+0) 4.59(−1) 4.26(−5) 1.02(−4) 4.01(−4)
Table 7 continued
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Table 7 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 2.18(+4) 0.00 4.70 5.91 80.00 0.00 0.00 3.00(+2) 3.63(−05) 4.61(−1) 3.20(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 4.06(+6) 58.00 4.82 5.86 27.50 22.00 0.00 4.83(+0) 1.09(−06) 9.78(−3) 5.24(−2) 3.16(−2) 9.55(−1) 8.29(−3) 7.98(+1) 9.55(+1)
He 3.77(+5) 19.40 5.23 5.76 17.60 0.00 5.50 3.27(+1) 5.34(−05) 3.07(−2) 2.04(−2) 0.00(+0) 4.61(−1) 1.59(−5) 3.74(−5) 1.66(−4)
C 1.18(+2) 0.00 5.35 5.87 17.50 0.00 13.70 5.09(+1) 1.30(−04) 3.84(−2) 2.02(−2) 0.00(+0) 4.48(−1) 1.38(−5) 3.18(−5) 1.35(−4)
Ne 1.02(−1) 0.39 5.37 5.88 17.50 0.00 13.70 5.29(+1) 1.41(−04) 3.91(−2) 2.02(−2) 0.00(+0) 4.48(−1) 1.38(−5) 3.18(−5) 1.35(−4)
O 8.49(−2) 1.56 5.37 5.88 17.50 0.00 13.70 5.30(+1) 1.41(−04) 3.91(−2) 2.02(−2) 0.00(+0) 4.48(−1) 1.38(−5) 3.18(−5) 1.35(−4)
Si 6.40(−4) 1.14 5.36 5.88 17.50 0.00 13.70 5.28(+1) 1.40(−04) 3.91(−2) 2.02(−2) 0.00(+0) 4.48(−1) 1.38(−5) 3.18(−5) 1.35(−4)
PSN 4.49(−4) 0.00 5.37 5.88 17.50 0.00 13.70 5.33(+1) 1.43(−04) 3.93(−2) 2.02(−2) 0.00(+0) 4.48(−1) 1.38(−5) 3.18(−5) 1.35(−4)
120
MS 1.90(+4) 0.00 4.72 6.20 120.00 0.00 0.00 2.98(+2) 2.72(−05) 4.35(−1) 5.70(+0) 7.21(−1) 2.65(−1) 6.95(−4) 2.96(−1) 1.21(−1)
H 3.27(+6) 92.60 4.79 5.90 29.60 24.50 0.00 6.37(+0) 1.18(−06) 1.37(−2) 6.46(−2) 4.55(−2) 9.41(−1) 8.29(−3) 8.11(+1) 9.55(+1)
He 3.68(+5) 20.70 5.23 5.80 18.70 0.00 0.08 3.51(+1) 5.53(−05) 3.25(−2) 2.40(−2) 0.00(+0) 4.75(−1) 1.34(−5) 3.22(−5) 1.48(−4)
C 1.00(+2) 0.00 5.36 5.91 18.60 0.00 14.60 5.53(+1) 1.39(−04) 4.08(−2) 2.37(−2) 0.00(+0) 4.61(−1) 1.18(−5) 2.79(−5) 1.20(−4)
Ne 9.79(−2) 0.31 5.37 5.92 18.60 0.00 14.60 5.73(+1) 1.49(−04) 4.16(−2) 2.37(−2) 0.00(+0) 4.61(−1) 1.18(−5) 2.79(−5) 1.20(−4)
O 7.35(−2) 1.59 5.37 5.92 18.60 0.00 14.60 5.75(+1) 1.50(−04) 4.16(−2) 2.37(−2) 0.00(+0) 4.61(−1) 1.18(−5) 2.79(−5) 1.20(−4)
Si 4.98(−4) 1.12 5.37 5.93 18.60 0.00 14.60 5.83(+1) 1.54(−04) 4.19(−2) 2.37(−2) 0.00(+0) 4.61(−1) 1.18(−5) 2.79(−5) 1.20(−4)
PSN 4.51(−4) 0.00 5.38 5.93 18.60 0.00 14.60 5.93(+1) 1.60(−04) 4.23(−2) 2.37(−2) 0.00(+0) 4.61(−1) 1.18(−5) 2.79(−5) 1.20(−4)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
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Table 8. Main evolutionary properties of the models with v=000 km/s and metallicity [Fe/H]=-1
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 9.26(+4) 0.00 4.51 4.11 13.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 1.61(+7) 5.62 4.45 4.57 13.00 3.11 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
He 1.06(+6) 1.84 3.61 4.78 12.50 4.29 1.87 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.44(−1) 2.53(−1) 3.41(−4) 1.25(+0) 1.76(−1)
C 7.05(+3) 0.58 3.60 4.85 12.50 4.26 2.07 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.33(−1) 2.64(−1) 4.84(−4) 1.92(+0) 2.68(−1)
Ne 4.65(+0) 0.87 3.60 4.85 12.50 4.26 2.13 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.33(−1) 2.64(−1) 4.85(−4) 1.93(+0) 2.69(−1)
O 3.22(+0) 0.95 3.60 4.85 12.50 4.26 2.13 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.33(−1) 2.64(−1) 4.85(−4) 1.93(+0) 2.69(−1)
Si 2.94(−1) 1.12 3.60 4.85 12.50 4.26 2.13 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.33(−1) 2.64(−1) 4.85(−4) 1.93(+0) 2.69(−1)
PSN 1.70(−3) 0.00 3.60 4.85 12.50 4.26 2.13 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.33(−1) 2.64(−1) 4.85(−4) 1.93(+0) 2.69(−1)
15
MS 7.59(+4) 0.00 4.54 4.29 15.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 1.32(+7) 6.79 4.47 4.74 14.90 3.89 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
He 1.02(+6) 3.08 3.60 4.94 14.20 5.23 3.07 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.43(−1) 2.54(−1) 3.64(−4) 1.34(+0) 1.90(−1)
C 1.95(+3) 0.46 3.59 5.05 14.20 5.22 3.24 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.24(−1) 2.73(−1) 5.61(−4) 2.30(+0) 3.25(−1)
Ne 9.45(−1) 0.64 3.59 5.05 14.20 5.22 3.21 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.24(−1) 2.73(−1) 5.61(−4) 2.30(+0) 3.25(−1)
O 2.00(+0) 1.01 3.59 5.05 14.20 5.22 3.21 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.24(−1) 2.73(−1) 5.61(−4) 2.30(+0) 3.25(−1)
Si 9.78(−2) 1.06 3.59 5.05 14.20 5.22 3.21 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.24(−1) 2.73(−1) 5.61(−4) 2.30(+0) 3.25(−1)
PSN 1.51(−3) 0.00 3.59 5.05 14.20 5.22 3.01 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.24(−1) 2.73(−1) 5.61(−4) 2.30(+0) 3.25(−1)
20
MS 5.07(+4) 0.00 4.59 4.62 20.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 9.26(+6) 10.10 4.50 5.06 19.80 5.81 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
He 5.96(+5) 3.95 3.60 5.22 18.50 7.54 3.99 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.38(−1) 2.59(−1) 4.22(−4) 1.56(+0) 2.28(−1)
C 1.47(+3) 0.56 3.59 5.26 18.40 7.52 4.23 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.22(−1) 2.75(−1) 5.85(−4) 2.36(+0) 3.45(−1)
Ne 3.88(−1) 0.74 3.59 5.26 18.40 7.52 4.23 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.75(−1) 5.86(−4) 2.36(+0) 3.46(−1)
O 6.63(−1) 1.02 3.59 5.26 18.40 7.52 4.21 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.75(−1) 5.86(−4) 2.36(+0) 3.46(−1)
Si 5.88(−2) 1.07 3.59 5.26 18.40 7.52 4.21 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.75(−1) 5.86(−4) 2.36(+0) 3.46(−1)
PSN 1.05(−3) 0.00 3.59 5.26 18.40 7.52 4.21 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.21(−1) 2.75(−1) 5.86(−4) 2.36(+0) 3.46(−1)
25
MS 4.02(+4) 0.00 4.62 4.87 25.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 7.36(+6) 13.70 4.52 5.28 24.60 8.01 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
Table 8 continued
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Table 8 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 5.40(+5) 6.64 3.59 5.43 20.80 10.20 6.72 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.29(−1) 2.67(−1) 5.29(−4) 2.01(+0) 3.04(−1)
C 4.54(+2) 0.00 3.58 5.48 20.60 10.20 6.87 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.95(−1) 3.02(−1) 7.69(−4) 3.35(+0) 5.10(−1)
Ne 1.58(−1) 0.65 3.58 5.48 20.60 10.20 6.84 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.95(−1) 3.02(−1) 7.69(−4) 3.35(+0) 5.10(−1)
O 1.89(−1) 1.21 3.58 5.48 20.60 10.20 6.84 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.95(−1) 3.02(−1) 7.69(−4) 3.35(+0) 5.10(−1)
Si 1.19(−3) 1.10 3.58 5.48 20.60 10.20 6.82 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.95(−1) 3.02(−1) 7.69(−4) 3.35(+0) 5.10(−1)
PSN 4.72(−4) 0.00 3.58 5.48 20.60 10.20 6.82 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.95(−1) 3.02(−1) 7.69(−4) 3.35(+0) 5.10(−1)
30
MS 3.45(+4) 0.00 4.64 5.06 30.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 6.25(+6) 17.50 4.53 5.44 29.20 10.30 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
He 4.16(+5) 6.98 4.10 5.52 28.50 11.90 7.05 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
C 4.82(+2) 0.00 3.75 5.48 28.30 11.90 7.22 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
Ne 1.69(−1) 0.66 3.75 5.48 28.30 11.90 7.22 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
O 1.87(−1) 1.20 3.75 5.48 28.30 11.90 7.22 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
Si 8.99(−4) 1.07 3.75 5.48 28.30 11.90 7.22 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
PSN 5.27(−4) 0.00 3.75 5.48 28.30 11.90 7.22 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
40
MS 2.84(+4) 0.00 4.68 5.33 40.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 5.01(+6) 25.30 4.54 5.68 38.30 15.30 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
He 3.55(+5) 10.70 3.91 5.75 36.30 16.70 10.70 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
C 2.10(+2) 0.00 3.65 5.63 28.70 16.70 11.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 5.59(−1) 4.38(−1) 1.59(−3) 2.05(+1) 2.03(+0)
Ne 1.44(−1) 0.51 3.65 5.63 28.70 16.70 10.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 5.59(−1) 4.38(−1) 1.59(−3) 2.07(+1) 2.04(+0)
O 1.83(−1) 1.25 3.65 5.63 28.70 16.70 10.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 5.59(−1) 4.38(−1) 1.59(−3) 2.07(+1) 2.04(+0)
Si 9.83(−4) 1.07 3.65 5.63 28.70 16.70 10.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 5.59(−1) 4.38(−1) 1.59(−3) 2.07(+1) 2.04(+0)
PSN 5.18(−4) 0.00 3.65 5.63 28.70 16.70 10.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 5.59(−1) 4.38(−1) 1.59(−3) 2.07(+1) 2.04(+0)
60
MS 2.21(+4) 0.00 4.72 5.69 60.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 3.85(+6) 41.70 4.50 5.97 57.00 25.60 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
He 3.05(+5) 19.50 4.25 6.02 45.70 26.90 19.60 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 4.85(−1) 5.12(−1) 1.85(−3) 4.00(+1) 3.49(+0)
C 7.87(+1) 0.00 3.65 5.89 42.00 26.80 19.70 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 4.68(−1) 5.29(−1) 2.14(−3) 6.95(+1) 9.58(+0)
Ne 8.23(−2) 0.00 3.65 5.89 42.00 26.80 19.60 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 4.68(−1) 5.29(−1) 2.14(−3) 6.95(+1) 9.58(+0)
O 4.21(−2) 1.71 3.65 5.89 42.00 26.80 19.60 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 4.68(−1) 5.29(−1) 2.14(−3) 6.95(+1) 9.58(+0)
Si 3.55(−4) 1.17 3.65 5.89 42.00 26.80 19.60 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 4.68(−1) 5.29(−1) 2.14(−3) 6.95(+1) 9.58(+0)
PSN 3.32(−4) 0.00 3.65 5.89 42.00 26.80 19.60 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 4.68(−1) 5.29(−1) 2.14(−3) 6.95(+1) 9.58(+0)
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Table 8 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 1.94(+4) 0.00 4.75 5.91 80.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 3.34(+6) 58.90 4.49 6.17 75.50 36.10 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
He 2.83(+5) 30.90 3.87 6.23 40.90 39.20 31.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 2.54(−1) 7.43(−1) 2.33(−3) 1.44(+2) 8.28(+1)
C 3.84(+1) 0.00 4.02 6.29 39.90 39.20 31.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 1.15(−1) 8.82(−1) 2.32(−3) 9.02(+1) 9.08(+1)
Ne 5.46(−2) 0.00 3.96 6.30 39.90 39.20 31.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 1.15(−1) 8.82(−1) 2.32(−3) 8.90(+1) 9.08(+1)
O 2.11(−2) 1.83 3.89 6.30 39.90 39.20 30.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 1.14(−1) 8.83(−1) 2.32(−3) 8.74(+1) 9.09(+1)
Si 2.08(−4) 1.07 3.87 6.31 39.90 39.20 30.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 1.14(−1) 8.83(−1) 2.32(−3) 8.73(+1) 9.09(+1)
PSN 1.90(−4) 0.00 3.87 6.31 39.90 39.20 30.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 1.14(−1) 8.83(−1) 2.32(−3) 8.73(+1) 9.09(+1)
120
MS 1.75(+4) 0.00 4.77 6.21 120.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 2.84(+6) 93.00 4.24 6.41 109.00 58.90 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
He 2.62(+5) 51.20 5.25 6.39 50.70 0.00 1.08 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 2.50(−1) 2.78(−8) 6.38(−8) 8.99(−8)
C 1.68(+1) 0.00 5.27 6.48 50.70 0.00 40.80 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 2.50(−1) 2.78(−8) 6.38(−8) 8.99(−8)
Ne 2.20(−2) 0.00 5.14 6.50 50.70 0.00 42.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 2.50(−1) 2.78(−8) 6.38(−8) 8.99(−8)
O 6.23(−3) 0.71 5.15 6.50 50.70 0.00 42.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 2.50(−1) 2.78(−8) 6.38(−8) 8.99(−8)
PSN 4.58(−4) 0.00 5.11 6.50 50.70 0.00 42.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 2.50(−1) 2.78(−8) 6.38(−8) 8.99(−8)
PSN 4.58(−4) 0.00 5.11 6.50 50.70 0.00 42.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 0.00(+0) 2.50(−1) 2.78(−8) 6.38(−8) 8.99(−8)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
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Table 9. Main evolutionary properties of the models with v=150 km/s and metallicity [Fe/H]=-1
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 1.32(+5) 0.00 4.50 4.11 13.00 0.00 0.00 1.48(+2) 5.74(−05) 3.26(−1) 8.31(−2) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 1.89(+7) 5.65 4.44 4.70 13.00 3.64 0.00 6.97(+1) 9.98(−06) 2.55(−1) 7.95(−2) 7.37(−1) 2.60(−1) 4.31(−4) 1.45(+0) 2.39(−1)
He 1.40(+6) 3.03 3.57 5.16 11.70 5.19 4.21 1.86(−1) 2.91(−10) 6.94(−3) 3.65(−2) 6.43(−1) 3.54(−1) 1.20(−3) 6.73(+0) 8.74(−1)
C 1.35(+3) 0.24 3.59 5.07 11.40 5.05 3.87 2.23(−1) 4.16(−10) 7.70(−3) 3.30(−2) 5.87(−1) 4.06(−1) 4.62(−3) 2.35(+1) 2.44(+0)
Ne 3.03(−1) 0.65 3.59 5.07 11.40 5.05 3.87 2.23(−1) 4.16(−10) 7.71(−3) 3.30(−2) 5.87(−1) 4.06(−1) 4.62(−3) 2.35(+1) 2.44(+0)
O 7.58(−1) 1.13 3.59 5.07 11.40 5.01 3.46 2.23(−1) 4.16(−10) 7.71(−3) 3.30(−2) 5.87(−1) 4.06(−1) 4.62(−3) 2.35(+1) 2.44(+0)
Si 9.24(−3) 1.11 3.59 5.07 11.40 5.01 3.46 2.23(−1) 4.16(−10) 7.71(−3) 3.30(−2) 5.87(−1) 4.06(−1) 4.62(−3) 2.35(+1) 2.44(+0)
PSN 1.61(−3) 0.00 3.59 5.07 11.40 5.01 3.36 2.23(−1) 4.16(−10) 7.71(−3) 3.30(−2) 5.87(−1) 4.06(−1) 4.62(−3) 2.35(+1) 2.44(+0)
15
MS 1.12(+5) 0.00 4.53 4.28 15.00 0.00 0.00 1.50(+2) 5.32(−05) 3.21(−1) 1.07(−1) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 1.55(+7) 6.81 4.46 4.88 14.90 4.51 0.00 8.30(+1) 1.08(−05) 2.95(−1) 9.95(−2) 7.34(−1) 2.63(−1) 4.61(−4) 1.56(+0) 2.60(−1)
He 1.15(+6) 3.76 3.57 5.28 13.00 6.19 5.08 1.29(−1) 1.75(−10) 4.88(−3) 3.62(−2) 6.19(−1) 3.77(−1) 1.37(−3) 7.98(+0) 1.05(+0)
C 9.00(+2) 0.00 3.59 5.18 12.80 5.98 4.77 1.65(−1) 2.69(−10) 5.74(−3) 3.38(−2) 5.53(−1) 4.36(−1) 7.34(−3) 2.91(+1) 2.75(+0)
Ne 3.15(−1) 0.57 3.59 5.18 12.80 5.95 4.76 1.65(−1) 2.70(−10) 5.74(−3) 3.38(−2) 5.53(−1) 4.36(−1) 7.34(−3) 2.91(+1) 2.75(+0)
O 9.44(−1) 1.09 3.59 5.18 12.80 5.95 4.76 1.65(−1) 2.70(−10) 5.74(−3) 3.38(−2) 5.53(−1) 4.36(−1) 7.34(−3) 2.91(+1) 2.75(+0)
Si 1.21(−2) 1.14 3.59 5.18 12.80 5.95 4.22 1.65(−1) 2.70(−10) 5.74(−3) 3.38(−2) 5.53(−1) 4.36(−1) 7.34(−3) 2.91(+1) 2.75(+0)
PSN 1.87(−3) 0.00 3.59 5.18 12.80 5.95 4.22 1.65(−1) 2.70(−10) 5.74(−3) 3.38(−2) 5.53(−1) 4.36(−1) 7.34(−3) 2.91(+1) 2.75(+0)
20
MS 6.99(+4) 0.00 4.58 4.62 20.00 0.00 0.00 1.48(+2) 4.47(−05) 2.98(−1) 1.76(−1) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 1.08(+7) 10.10 4.51 5.17 19.70 6.89 0.00 5.48(+1) 6.24(−06) 1.83(−1) 1.49(−1) 7.21(−1) 2.76(−1) 5.60(−4) 1.98(+0) 3.35(−1)
He 8.21(+5) 5.73 3.57 5.56 14.10 8.55 7.11 4.11(−2) 4.04(−11) 1.77(−3) 3.01(−2) 5.24(−1) 4.70(−1) 3.83(−3) 2.48(+1) 2.79(+0)
C 4.70(+2) 0.00 3.58 5.42 13.90 8.46 6.75 6.79(−2) 8.37(−11) 2.62(−3) 2.88(−2) 4.45(−1) 5.30(−1) 1.77(−2) 3.76(+1) 2.89(+0)
Ne 2.50(−1) 0.51 3.58 5.42 13.90 8.47 6.74 6.79(−2) 8.37(−11) 2.62(−3) 2.88(−2) 4.45(−1) 5.30(−1) 1.77(−2) 3.76(+1) 2.89(+0)
O 5.85(−1) 1.18 3.58 5.42 13.90 8.47 6.74 6.79(−2) 8.37(−11) 2.62(−3) 2.88(−2) 4.45(−1) 5.30(−1) 1.77(−2) 3.76(+1) 2.89(+0)
Si 1.49(−3) 1.14 3.58 5.42 13.90 8.47 6.74 6.79(−2) 8.37(−11) 2.62(−3) 2.88(−2) 4.45(−1) 5.30(−1) 1.77(−2) 3.76(+1) 2.89(+0)
PSN 1.28(−3) 0.00 3.58 5.42 13.90 8.47 6.05 6.79(−2) 8.37(−11) 2.62(−3) 2.88(−2) 4.45(−1) 5.30(−1) 1.77(−2) 3.76(+1) 2.89(+0)
25
MS 6.29(+4) 0.00 4.61 4.87 25.00 0.00 0.00 1.49(+2) 3.93(−05) 2.86(−1) 2.56(−1) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 8.33(+6) 13.70 4.54 5.36 24.30 9.16 0.00 4.87(+1) 5.32(−06) 1.50(−1) 2.01(−1) 7.06(−1) 2.91(−1) 7.15(−4) 2.72(+0) 4.69(−1)
Table 9 continued
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Table 9 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 6.84(+5) 7.27 3.57 5.65 16.60 10.40 8.69 4.21(−2) 3.81(−11) 1.73(−3) 3.70(−2) 4.63(−1) 5.26(−1) 8.25(−3) 4.93(+1) 3.43(+0)
C 3.62(+2) 0.00 3.58 5.57 16.20 10.50 8.24 5.10(−2) 5.26(−11) 1.98(−3) 3.49(−2) 4.63(−1) 5.26(−1) 8.25(−3) 4.93(+1) 3.43(+0)
Ne 1.64(−1) 0.49 3.58 5.56 16.20 10.60 8.24 5.10(−2) 5.27(−11) 1.99(−3) 3.49(−2) 4.63(−1) 5.26(−1) 8.25(−3) 4.93(+1) 3.43(+0)
O 2.65(−1) 1.24 3.58 5.56 16.20 10.60 8.24 5.10(−2) 5.27(−11) 1.99(−3) 3.49(−2) 4.63(−1) 5.26(−1) 8.25(−3) 4.93(+1) 3.43(+0)
Si 1.32(−3) 1.08 3.58 5.56 16.20 10.60 8.24 5.10(−2) 5.27(−11) 1.99(−3) 3.49(−2) 4.63(−1) 5.26(−1) 8.25(−3) 4.93(+1) 3.43(+0)
PSN 9.39(−4) 0.00 3.58 5.56 16.20 10.60 8.24 5.10(−2) 5.27(−11) 1.99(−3) 3.49(−2) 4.63(−1) 5.26(−1) 8.25(−3) 4.93(+1) 3.43(+0)
30
MS 4.66(+4) 0.00 4.64 5.05 30.00 0.00 0.00 1.48(+2) 3.56(−05) 2.74(−1) 3.48(−1) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 6.92(+6) 17.60 4.57 5.50 28.90 11.40 0.00 6.04(+1) 6.32(−06) 1.74(−1) 2.56(−1) 6.91(−1) 3.06(−1) 8.40(−4) 3.46(+0) 5.97(−1)
He 6.05(+5) 8.86 4.14 5.60 27.00 12.80 10.90 3.56(+0) 4.55(−08) 3.05(−2) 1.83(−1) 5.63(−1) 4.34(−1) 1.46(−3) 1.14(+1) 1.70(+0)
C 2.21(+2) 0.00 3.60 5.64 25.90 12.80 10.20 2.21(−1) 2.25(−10) 6.87(−3) 1.45(−1) 5.02(−1) 4.95(−1) 1.93(−3) 3.44(+1) 4.57(+0)
Ne 1.22(−1) 0.38 3.60 5.64 25.90 12.80 10.10 2.21(−1) 2.25(−10) 6.87(−3) 1.45(−1) 5.02(−1) 4.95(−1) 1.93(−3) 3.44(+1) 4.57(+0)
O 1.27(−1) 1.49 3.60 5.64 25.90 12.80 9.59 2.21(−1) 2.25(−10) 6.87(−3) 1.45(−1) 5.02(−1) 4.95(−1) 1.93(−3) 3.44(+1) 4.57(+0)
Si 6.60(−4) 1.20 3.60 5.64 25.90 12.80 9.59 2.21(−1) 2.25(−10) 6.87(−3) 1.45(−1) 5.02(−1) 4.95(−1) 1.93(−3) 3.44(+1) 4.57(+0)
PSN 6.44(−4) 0.00 3.60 5.64 25.90 12.80 8.84 2.21(−1) 2.25(−10) 6.87(−3) 1.45(−1) 5.02(−1) 4.95(−1) 1.93(−3) 3.44(+1) 4.57(+0)
40
MS 3.95(+4) 0.00 4.67 5.33 40.00 0.00 0.00 1.50(+2) 3.09(−05) 2.60(−1) 5.53(−1) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 5.64(+6) 25.40 4.60 5.76 37.40 20.90 0.00 5.07(+1) 4.50(−06) 1.40(−1) 3.57(−1) 6.06(−1) 3.91(−1) 1.28(−3) 7.40(+0) 1.28(+0)
He 4.15(+5) 16.70 5.17 5.90 21.40 21.00 3.12 3.41(−1) 3.66(−07) 3.60(−4) 5.09(−2) 6.62(−2) 9.21(−1) 1.04(−2) 1.00(+2) 8.03(+0)
C 6.61(+1) 0.00 5.30 6.00 21.30 21.10 16.50 3.22(−1) 5.55(−07) 2.67(−4) 5.08(−2) 1.56(−5) 9.79(−1) 1.86(−2) 5.24(+1) 1.22(+1)
Ne 8.12(−2) 0.00 5.30 6.01 21.30 21.10 16.50 3.23(−1) 5.59(−07) 2.68(−4) 5.08(−2) 1.46(−5) 9.79(−1) 1.86(−2) 5.23(+1) 1.22(+1)
O 4.28(−2) 1.72 5.30 6.01 21.30 21.10 16.50 3.23(−1) 5.61(−07) 2.68(−4) 5.08(−2) 1.44(−5) 9.79(−1) 1.86(−2) 5.23(+1) 1.22(+1)
Si 3.87(−4) 1.20 5.30 6.01 21.30 21.10 16.60 3.23(−1) 5.59(−07) 2.68(−4) 5.08(−2) 1.44(−5) 9.79(−1) 1.86(−2) 5.23(+1) 1.22(+1)
PSN 3.80(−4) 0.00 5.31 6.01 21.30 21.10 16.50 3.25(−1) 5.68(−07) 2.69(−4) 5.08(−2) 1.44(−5) 9.79(−1) 1.86(−2) 5.23(+1) 1.22(+1)
60
MS 2.86(+4) 0.00 4.71 5.68 60.00 0.00 0.00 1.51(+2) 2.51(−05) 2.38(−1) 1.06(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 4.21(+6) 41.80 4.54 6.04 55.20 28.50 0.00 3.66(+1) 1.83(−06) 1.11(−1) 6.29(−1) 6.08(−1) 3.89(−1) 1.32(−3) 7.85(+0) 1.39(+0)
He 3.42(+5) 26.40 5.24 6.02 26.50 0.00 8.85 5.70(+1) 7.42(−05) 4.89(−2) 6.41(−2) 0.00(+0) 4.67(−1) 5.91(−5) 1.47(−4) 4.70(−4)
C 3.72(+1) 0.00 5.38 6.13 26.40 0.00 21.10 9.39(+1) 2.02(−04) 6.28(−2) 6.37(−2) 0.00(+0) 4.57(−1) 5.62(−5) 1.39(−4) 4.22(−4)
Ne 6.67(−2) 0.00 5.39 6.13 26.40 0.00 21.10 9.60(+1) 2.11(−04) 6.35(−2) 6.37(−2) 0.00(+0) 4.57(−1) 5.62(−5) 1.39(−4) 4.22(−4)
O 2.80(−2) 1.80 5.38 6.13 26.40 0.00 21.10 9.48(+1) 2.06(−04) 6.31(−2) 6.37(−2) 0.00(+0) 4.57(−1) 5.62(−5) 1.39(−4) 4.22(−4)
Si 2.73(−4) 1.15 5.38 6.13 26.40 0.00 21.10 9.42(+1) 2.03(−04) 6.29(−2) 6.37(−2) 0.00(+0) 4.57(−1) 5.62(−5) 1.39(−4) 4.22(−4)
PSN 1.11(−3) 0.00 5.35 6.11 26.40 0.00 21.10 8.42(+1) 1.62(−04) 5.95(−2) 6.37(−2) 0.00(+0) 4.57(−1) 5.62(−5) 1.39(−4) 4.22(−4)
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Table 9 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 2.39(+4) 0.00 4.74 5.92 80.00 0.00 0.00 1.50(+2) 2.17(−05) 2.20(−1) 1.67(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 3.61(+6) 59.10 4.25 6.22 72.40 41.40 0.00 8.58(+0) 8.91(−08) 4.99(−2) 8.77(−1) 6.29(−1) 3.68(−1) 1.30(−3) 7.20(+0) 1.34(+0)
He 3.09(+5) 38.60 5.25 6.22 37.70 0.00 30.30 6.30(+1) 6.60(−05) 5.05(−2) 1.21(−1) 0.00(+0) 4.16(−1) 1.20(−5) 2.83(−5) 7.72(−5)
C 2.86(+1) 0.00 5.34 6.32 37.60 0.00 30.00 8.47(+1) 1.20(−04) 5.85(−2) 1.20(−1) 0.00(+0) 4.06(−1) 1.12(−5) 2.62(−5) 6.84(−5)
Ne 4.39(−2) 0.00 5.33 6.33 37.60 0.00 30.60 8.01(+1) 1.07(−04) 5.69(−2) 1.20(−1) 0.00(+0) 4.06(−1) 1.12(−5) 2.62(−5) 6.84(−5)
O 1.63(−2) 1.76 5.32 6.34 37.60 0.00 30.60 7.69(+1) 9.86(−05) 5.58(−2) 1.20(−1) 0.00(+0) 4.06(−1) 1.12(−5) 2.62(−5) 6.84(−5)
Si 2.09(−4) 1.07 5.33 6.34 37.60 0.00 30.60 7.90(+1) 1.04(−04) 5.65(−2) 1.20(−1) 0.00(+0) 4.06(−1) 1.12(−5) 2.62(−5) 6.84(−5)
PSN 1.72(−4) 0.00 5.32 6.34 37.60 0.00 30.60 7.83(+1) 1.02(−04) 5.63(−2) 1.20(−1) 0.00(+0) 4.06(−1) 1.12(−5) 2.62(−5) 6.84(−5)
120
MS 2.14(+4) 0.00 4.77 6.21 120.00 0.00 0.00 1.49(+2) 1.74(−05) 1.99(−1) 3.12(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 3.05(+6) 93.50 4.98 6.37 62.30 55.90 0.00 7.89(+0) 2.01(−06) 9.98(−3) 9.76(−2) 4.31(−2) 9.54(−1) 2.31(−3) 7.04(+1) 1.16(+2)
He 2.81(+5) 47.10 5.25 6.29 42.80 0.00 0.72 1.63(+1) 1.56(−05) 1.28(−2) 3.97(−2) 0.00(+0) 4.78(−1) 5.62(−8) 1.36(−7) 5.32(−7)
C 2.35(+1) 0.00 5.32 6.39 42.70 0.00 34.30 2.03(+1) 2.44(−05) 1.43(−2) 3.94(−2) 0.00(+0) 4.72(−1) 4.85(−8) 1.17(−7) 4.45(−7)
Ne 3.53(−2) 0.00 5.29 6.40 42.70 0.00 35.10 1.78(+1) 1.87(−05) 1.34(−2) 3.94(−2) 0.00(+0) 4.72(−1) 4.85(−8) 1.17(−7) 4.45(−7)
O 1.11(−2) 1.63 5.28 6.40 42.70 0.00 35.20 1.71(+1) 1.72(−05) 1.32(−2) 3.94(−2) 0.00(+0) 4.72(−1) 4.85(−8) 1.17(−7) 4.45(−7)
Si 1.73(−4) 0.98 5.28 6.40 42.70 0.00 35.10 3.89(+2) 3.92(−04) 2.93(−1) 3.94(−2) 0.00(+0) 4.72(−1) 4.85(−8) 1.17(−7) 4.45(−7)
PSN 1.04(−5) 0.00 5.28 6.40 42.70 0.00 35.10 3.90(+2) 3.94(−04) 2.93(−1) 3.94(−2) 0.00(+0) 4.72(−1) 4.85(−8) 1.17(−7) 4.45(−7)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
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Table 10. Main evolutionary properties of the models with v=300 km/s and metallicity [Fe/H]=-1
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 1.27(+5) 0.00 4.48 4.07 13.00 0.00 0.00 2.95(+2) 1.05(−04) 6.23(−1) 1.55(−1) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 2.00(+7) 5.54 4.43 4.71 12.90 3.49 0.00 1.57(+2) 2.12(−05) 5.53(−1) 1.45(−1) 7.15(−1) 2.82(−1) 7.30(−4) 3.73(+0) 4.59(−1)
He 1.82(+6) 3.48 3.56 5.23 10.80 5.75 3.90 1.63(−1) 2.27(−10) 6.69(−3) 3.66(−2) 6.06(−1) 3.90(−1) 1.37(−3) 1.11(+1) 1.07(+0)
C 4.48(+2) 0.00 3.57 5.18 10.70 5.81 4.36 1.87(−1) 2.83(−10) 7.42(−3) 3.60(−2) 6.06(−1) 3.90(−1) 1.37(−3) 1.11(+1) 1.07(+0)
Ne 2.00(−1) 0.03 3.57 5.18 10.70 5.75 4.36 1.88(−1) 2.84(−10) 7.43(−3) 3.60(−2) 6.06(−1) 3.90(−1) 1.37(−3) 1.11(+1) 1.07(+0)
O 4.90(−1) 1.21 3.57 5.18 10.70 5.77 3.90 1.88(−1) 2.84(−10) 7.43(−3) 3.60(−2) 6.06(−1) 3.90(−1) 1.37(−3) 1.11(+1) 1.07(+0)
Si 1.54(−3) 1.17 3.57 5.18 10.70 5.78 3.90 1.88(−1) 2.84(−10) 7.43(−3) 3.60(−2) 6.06(−1) 3.90(−1) 1.37(−3) 1.11(+1) 1.07(+0)
PSN 1.74(−3) 0.00 3.57 5.18 10.70 5.78 3.90 1.88(−1) 2.84(−10) 7.43(−3) 3.60(−2) 6.06(−1) 3.90(−1) 1.37(−3) 1.11(+1) 1.07(+0)
15
MS 1.19(+5) 0.00 4.51 4.27 15.00 0.00 0.00 2.93(+2) 9.64(−05) 6.04(−1) 1.99(−1) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 1.63(+7) 6.71 4.45 4.88 14.90 4.42 0.00 1.64(+2) 2.04(−05) 5.61(−1) 1.81(−1) 7.08(−1) 2.89(−1) 8.00(−4) 4.18(+0) 5.27(−1)
He 1.46(+6) 4.21 3.59 5.16 11.40 6.59 5.42 2.17(−1) 3.70(−10) 7.87(−3) 3.42(−2) 5.64(−1) 4.32(−1) 1.94(−3) 1.73(+1) 1.71(+0)
C 4.22(+2) 0.00 3.57 5.26 11.20 6.43 4.90 1.34(−1) 1.87(−10) 5.41(−3) 3.22(−2) 5.52(−1) 4.40(−1) 4.40(−3) 1.13(+1) 1.64(+0)
Ne 2.14(−1) 0.35 3.57 5.26 11.20 6.47 4.89 1.35(−1) 1.88(−10) 5.42(−3) 3.22(−2) 5.52(−1) 4.40(−1) 4.40(−3) 1.13(+1) 1.64(+0)
O 3.81(−1) 1.26 3.57 5.26 11.20 6.50 4.89 1.35(−1) 1.88(−10) 5.42(−3) 3.22(−2) 5.52(−1) 4.40(−1) 4.40(−3) 1.13(+1) 1.64(+0)
Si 1.10(−3) 1.10 3.57 5.26 11.20 6.51 4.49 1.35(−1) 1.88(−10) 5.42(−3) 3.22(−2) 5.52(−1) 4.40(−1) 4.40(−3) 1.13(+1) 1.64(+0)
PSN 1.60(−3) 0.00 3.57 5.26 11.20 6.50 4.89 1.35(−1) 1.88(−10) 5.42(−3) 3.21(−2) 5.52(−1) 4.40(−1) 4.40(−3) 1.13(+1) 1.64(+0)
20
MS 7.52(+4) 0.00 4.56 4.60 20.00 0.00 0.00 2.97(+2) 8.38(−05) 5.79(−1) 3.42(−1) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 1.13(+7) 9.97 4.53 5.16 19.60 6.56 0.00 1.76(+2) 2.22(−05) 5.27(−1) 2.77(−1) 6.64(−1) 3.33(−1) 1.01(−3) 6.29(+0) 7.71(−1)
He 9.77(+5) 5.34 3.60 5.33 17.20 8.25 6.79 4.12(−1) 6.10(−10) 1.30(−2) 1.04(−1) 5.13(−1) 4.83(−1) 1.95(−3) 5.49(+1) 3.43(+0)
C 5.59(+2) 0.00 3.59 5.41 17.10 8.18 6.16 3.00(−1) 3.83(−10) 1.02(−2) 1.01(−1) 5.13(−1) 4.83(−1) 1.95(−3) 5.49(+1) 3.43(+0)
Ne 2.39(−1) 0.53 3.59 5.41 17.10 8.21 6.16 3.00(−1) 3.85(−10) 1.02(−2) 1.01(−1) 5.13(−1) 4.83(−1) 1.95(−3) 5.49(+1) 3.43(+0)
O 5.41(−1) 1.23 3.59 5.41 17.10 8.22 6.16 3.01(−1) 3.85(−10) 1.02(−2) 1.01(−1) 5.13(−1) 4.83(−1) 1.95(−3) 5.49(+1) 3.43(+0)
Si 1.19(−3) 1.09 3.59 5.41 17.10 8.14 6.16 3.01(−1) 3.85(−10) 1.02(−2) 1.01(−1) 5.13(−1) 4.83(−1) 1.95(−3) 5.49(+1) 3.43(+0)
PSN 1.68(−3) 0.00 3.59 5.41 17.10 8.12 6.16 3.01(−1) 3.85(−10) 1.02(−2) 1.01(−1) 5.13(−1) 4.83(−1) 1.95(−3) 5.49(+1) 3.43(+0)
25
MS 5.97(+4) 0.00 4.60 4.85 25.00 0.00 0.00 2.92(+2) 7.28(−05) 5.47(−1) 4.75(−1) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 8.98(+6) 13.60 4.56 5.40 24.20 9.66 0.00 1.18(+2) 1.32(−05) 3.52(−1) 3.37(−1) 6.21(−1) 3.76(−1) 1.22(−3) 8.83(+0) 1.10(+0)
Table 10 continued
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Table 10 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 5.88(+5) 8.55 3.59 5.53 18.90 12.20 10.20 1.22(−1) 1.35(−10) 4.24(−3) 6.13(−2) 5.78(−1) 4.18(−1) 2.19(−3) 4.22(+1) 2.10(+0)
C 2.22(+2) 0.00 3.57 5.66 18.50 12.20 9.73 6.68(−2) 5.89(−11) 2.63(−3) 5.74(−2) 5.77(−1) 4.18(−1) 2.23(−3) 4.12(+1) 2.12(+0)
Ne 1.50(−1) 0.47 3.57 5.66 18.50 12.20 9.73 6.68(−2) 5.90(−11) 2.64(−3) 5.74(−2) 5.77(−1) 4.18(−1) 2.23(−3) 4.12(+1) 2.12(+0)
O 1.84(−1) 1.32 3.57 5.66 18.50 12.20 9.73 6.68(−2) 5.90(−11) 2.64(−3) 5.74(−2) 5.77(−1) 4.18(−1) 2.23(−3) 4.12(+1) 2.12(+0)
Si 9.37(−4) 1.17 3.57 5.66 18.50 12.20 9.73 6.68(−2) 5.90(−11) 2.64(−3) 5.74(−2) 5.77(−1) 4.18(−1) 2.23(−3) 4.12(+1) 2.12(+0)
PSN 7.60(−4) 0.00 3.57 5.66 18.50 12.20 9.73 6.69(−2) 5.90(−11) 2.64(−3) 5.74(−2) 5.77(−1) 4.18(−1) 2.23(−3) 4.12(+1) 2.12(+0)
30
MS 5.44(+4) 0.00 4.62 5.04 30.00 0.00 0.00 2.95(+2) 6.69(−05) 5.32(−1) 6.78(−1) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 7.65(+6) 17.40 4.58 5.56 28.50 12.70 0.00 1.88(+2) 1.87(−05) 5.25(−1) 4.00(−1) 5.81(−1) 4.16(−1) 1.36(−3) 1.14(+1) 1.40(+0)
He 5.00(+5) 11.70 5.19 5.75 16.00 15.80 13.30 9.86(−1) 1.34(−06) 1.07(−3) 4.44(−2) 3.62(−2) 8.22(−1) 1.14(−1) 9.61(+1) 4.70(+0)
C 1.33(+2) 0.00 5.28 5.80 16.00 0.00 12.30 4.84(+1) 9.46(−05) 4.37(−2) 4.41(−2) 0.00(+0) 8.05(−1) 1.39(−1) 1.26(+1) 3.38(+0)
Ne 1.15(−1) 0.38 5.29 5.80 16.00 0.00 12.30 5.02(+1) 1.02(−04) 4.45(−2) 4.41(−2) 0.00(+0) 8.05(−1) 1.39(−1) 1.26(+1) 3.38(+0)
O 1.03(−1) 1.57 5.29 5.80 16.00 0.00 12.30 5.13(+1) 1.06(−04) 4.50(−2) 4.40(−2) 0.00(+0) 8.05(−1) 1.39(−1) 1.26(+1) 3.38(+0)
Si 6.21(−4) 1.21 5.29 5.80 16.00 0.00 12.30 5.11(+1) 1.05(−04) 4.49(−2) 4.40(−2) 0.00(+0) 8.05(−1) 1.39(−1) 1.26(+1) 3.38(+0)
PSN 6.05(−4) 0.00 5.29 5.80 16.00 0.00 12.30 2.92(+2) 6.10(−04) 2.51(−1) 4.40(−2) 0.00(+0) 8.05(−1) 1.39(−1) 1.25(+1) 3.37(+0)
40
MS 4.18(+4) 0.00 4.66 5.32 40.00 0.00 0.00 2.93(+2) 5.74(−05) 4.97(−1) 1.06(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 5.87(+6) 25.20 4.58 5.77 37.10 18.00 0.00 1.16(+2) 9.54(−06) 3.25(−1) 5.29(−1) 5.76(−1) 4.21(−1) 1.46(−3) 1.17(+1) 1.70(+0)
He 4.15(+5) 17.30 5.24 5.87 20.70 0.00 17.60 3.45(+0) 5.18(−06) 3.12(−3) 6.17(−2) 0.00(+0) 4.66(−1) 1.68(−2) 5.91(−2) 7.42(−2)
C 5.47(+1) 0.00 5.38 5.98 20.70 0.00 16.20 1.31(+2) 3.29(−04) 9.20(−2) 6.13(−2) 0.00(+0) 4.42(−1) 1.53(−2) 5.22(−2) 6.28(−2)
Ne 8.33(−2) 0.00 5.38 5.99 20.70 0.00 16.20 1.33(+2) 3.39(−04) 9.26(−2) 6.13(−2) 0.00(+0) 4.42(−1) 1.53(−2) 5.22(−2) 6.28(−2)
O 4.52(−2) 1.74 5.37 5.98 20.70 0.00 16.20 1.30(+2) 3.23(−04) 9.15(−2) 6.13(−2) 0.00(+0) 4.42(−1) 1.53(−2) 5.22(−2) 6.28(−2)
Si 4.21(−4) 1.23 5.37 5.98 20.70 0.00 16.20 1.29(+2) 3.16(−04) 9.10(−2) 6.13(−2) 0.00(+0) 4.42(−1) 1.53(−2) 5.22(−2) 6.28(−2)
PSN 4.21(−4) 0.00 5.37 5.98 20.70 0.00 16.20 1.29(+2) 3.15(−04) 9.10(−2) 6.13(−2) 0.00(+0) 4.42(−1) 1.53(−2) 5.22(−2) 6.28(−2)
60
MS 2.86(+4) 0.00 4.70 5.67 60.00 0.00 0.00 3.09(+2) 4.90(−05) 4.78(−1) 2.09(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 4.40(+6) 41.40 4.51 6.05 54.20 29.30 0.00 9.77(+1) 4.09(−06) 3.20(−1) 8.63(−1) 5.81(−1) 4.16(−1) 1.52(−3) 1.20(+1) 1.96(+0)
He 3.46(+5) 27.20 5.25 6.04 27.60 0.00 18.40 8.21(+1) 1.05(−04) 6.98(−2) 9.35(−2) 0.00(+0) 3.98(−1) 9.22(−5) 2.17(−4) 5.32(−4)
C 3.23(+1) 0.00 5.38 6.15 27.50 0.00 21.90 1.37(+2) 2.91(−04) 9.02(−2) 9.32(−2) 0.00(+0) 3.88(−1) 8.80(−5) 2.07(−4) 4.84(−4)
Ne 6.39(−2) 0.00 5.39 6.16 27.50 0.00 21.90 1.40(+2) 3.02(−04) 9.11(−2) 9.32(−2) 0.00(+0) 3.88(−1) 8.80(−5) 2.07(−4) 4.84(−4)
O 2.74(−2) 1.78 5.38 6.15 27.50 0.00 21.40 1.35(+2) 2.83(−04) 8.96(−2) 9.31(−2) 0.00(+0) 3.88(−1) 8.80(−5) 2.07(−4) 4.84(−4)
Si 2.58(−4) 1.16 5.37 6.14 27.50 0.00 21.40 1.33(+2) 2.73(−04) 8.88(−2) 9.31(−2) 0.00(+0) 3.88(−1) 8.80(−5) 2.07(−4) 4.84(−4)
PSN 4.28(−4) 0.00 5.37 6.14 27.50 0.00 21.40 1.29(+2) 2.59(−04) 8.76(−2) 9.31(−2) 0.00(+0) 3.88(−1) 8.80(−5) 2.07(−4) 4.84(−4)
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Table 10 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 2.39(+4) 0.00 4.74 5.91 80.00 0.00 0.00 3.00(+2) 4.24(−05) 4.30(−1) 3.29(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 3.66(+6) 58.60 4.99 6.18 45.10 39.50 0.00 3.13(+1) 1.05(−05) 4.05(−2) 1.88(−1) 3.25(−2) 9.64(−1) 2.31(−3) 6.98(+1) 1.16(+2)
He 3.17(+5) 34.10 5.25 6.13 32.20 0.00 11.20 5.64(+1) 6.50(−05) 4.67(−2) 8.54(−2) 0.00(+0) 4.48(−1) 1.27(−5) 3.06(−5) 9.58(−5)
C 3.56(+1) 0.00 5.36 6.23 32.10 0.00 25.50 8.26(+1) 1.40(−04) 5.65(−2) 8.49(−2) 0.00(+0) 4.37(−1) 1.18(−5) 2.81(−5) 8.40(−5)
Ne 5.60(−2) 0.00 5.36 6.25 32.10 0.00 25.70 8.29(+1) 1.41(−04) 5.66(−2) 8.49(−2) 0.00(+0) 4.37(−1) 1.18(−5) 2.81(−5) 8.40(−5)
O 2.27(−2) 1.80 5.36 6.25 32.10 0.00 25.70 8.26(+1) 1.40(−04) 5.65(−2) 8.49(−2) 0.00(+0) 4.37(−1) 1.18(−5) 2.81(−5) 8.40(−5)
Si 2.35(−4) 1.15 5.36 6.24 32.10 0.00 25.70 8.31(+1) 1.41(−04) 5.67(−2) 8.49(−2) 0.00(+0) 4.37(−1) 1.18(−5) 2.81(−5) 8.40(−5)
PSN 2.95(−4) 0.00 5.36 6.24 32.10 0.00 25.70 8.26(+1) 1.40(−04) 5.65(−2) 8.49(−2) 0.00(+0) 4.37(−1) 1.18(−5) 2.81(−5) 8.40(−5)
120
MS 2.37(+4) 0.00 4.76 6.20 120.00 0.00 0.00 2.95(+2) 3.33(−05) 3.90(−1) 6.16(+0) 7.47(−1) 2.50(−1) 6.95(−5) 1.59(−1) 3.40(−2)
H 3.07(+6) 92.80 4.98 6.32 57.80 51.40 0.00 1.85(+1) 5.08(−06) 2.33(−2) 1.95(−1) 4.41(−2) 9.53(−1) 2.31(−3) 7.05(+1) 1.16(+2)
He 2.93(+5) 45.00 5.25 6.26 40.60 0.00 3.76 3.84(+1) 3.84(−05) 3.04(−2) 8.45(−2) 0.00(+0) 4.61(−1) 1.70(−6) 4.10(−6) 1.42(−5)
C 2.54(+1) 0.00 5.33 6.36 40.50 0.00 32.40 4.93(+1) 6.35(−05) 3.45(−2) 8.39(−2) 0.00(+0) 4.53(−1) 1.55(−6) 3.71(−6) 1.24(−5)
Ne 3.72(−2) 0.00 5.31 6.37 40.50 0.00 33.00 4.41(+1) 5.08(−05) 3.26(−2) 8.39(−2) 0.00(+0) 4.53(−1) 1.55(−6) 3.71(−6) 1.24(−5)
O 1.33(−2) 1.71 5.31 6.37 40.50 0.00 33.00 4.58(+1) 5.47(−05) 3.32(−2) 8.39(−2) 0.00(+0) 4.53(−1) 1.55(−6) 3.71(−6) 1.24(−5)
Si 2.15(−4) 1.04 5.29 6.37 40.50 0.00 33.00 3.90(+2) 4.23(−04) 2.91(−1) 8.39(−2) 0.00(+0) 4.53(−1) 1.55(−6) 3.71(−6) 1.24(−5)
PSN 6.29(−5) 0.00 5.25 6.37 40.50 0.00 33.00 6.45(+2) 5.66(−04) 5.11(−1) 8.39(−2) 0.00(+0) 4.53(−1) 1.55(−6) 3.71(−6) 1.24(−5)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
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Table 11. Main evolutionary properties of the models with v=000 km/s and metallicity [Fe/H]=-2
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 8.98(+4) 0.00 4.54 4.11 13.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 1.64(+7) 5.56 4.49 4.58 13.00 3.10 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
He 1.05(+6) 1.95 4.02 4.74 13.00 4.38 2.02 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
C 6.29(+3) 0.62 3.65 4.88 13.00 4.34 2.17 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.52(−1) 2.47(−1) 5.26(−5) 2.58(+0) 2.90(−1)
Ne 7.86(+0) 0.83 3.65 4.88 13.00 4.34 2.24 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.52(−1) 2.48(−1) 5.27(−5) 2.59(+0) 2.90(−1)
O 3.34(+0) 0.95 3.65 4.88 13.00 4.34 2.22 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.52(−1) 2.48(−1) 5.27(−5) 2.59(+0) 2.90(−1)
Si 2.60(−1) 0.02 3.65 4.88 13.00 4.34 2.14 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.52(−1) 2.48(−1) 5.27(−5) 2.59(+0) 2.90(−1)
PSN 6.50(−4) 0.00 3.65 4.88 13.00 4.34 2.14 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.52(−1) 2.48(−1) 5.27(−5) 2.59(+0) 2.90(−1)
15
MS 7.34(+4) 0.00 4.57 4.28 15.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 1.34(+7) 6.77 4.51 4.75 15.00 3.85 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
He 8.40(+5) 2.45 4.00 4.89 15.00 5.27 2.56 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
C 3.85(+3) 0.56 3.64 5.01 14.80 5.21 2.79 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.51(−1) 2.49(−1) 5.45(−5) 2.73(+0) 3.03(−1)
Ne 5.51(+0) 0.76 3.64 5.01 14.80 5.21 2.73 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.51(−1) 2.49(−1) 5.45(−5) 2.73(+0) 3.03(−1)
O 2.22(+0) 0.97 3.64 5.01 14.80 5.21 2.72 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.51(−1) 2.49(−1) 5.45(−5) 2.73(+0) 3.03(−1)
Si 1.55(−1) 1.08 3.64 5.01 14.80 5.21 2.72 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.51(−1) 2.49(−1) 5.45(−5) 2.73(+0) 3.03(−1)
PSN 1.24(−3) 0.00 3.64 5.01 14.80 5.21 2.72 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.51(−1) 2.49(−1) 5.45(−5) 2.73(+0) 3.03(−1)
20
MS 5.25(+4) 0.00 4.61 4.62 20.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 9.41(+6) 9.91 4.55 5.06 20.00 5.84 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
He 5.87(+5) 3.98 3.90 5.16 19.90 7.54 4.08 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
C 1.43(+3) 0.56 3.64 5.26 19.70 7.49 4.26 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.44(−1) 2.56(−1) 6.14(−5) 3.13(+0) 3.56(−1)
Ne 3.68(−1) 0.74 3.64 5.26 19.70 7.49 4.23 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.44(−1) 2.56(−1) 6.15(−5) 3.13(+0) 3.56(−1)
O 6.50(−1) 1.02 3.64 5.26 19.70 7.49 4.23 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.44(−1) 2.56(−1) 6.15(−5) 3.13(+0) 3.56(−1)
Si 5.67(−2) 1.07 3.64 5.26 19.70 7.49 4.23 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.44(−1) 2.56(−1) 6.15(−5) 3.13(+0) 3.56(−1)
PSN 1.08(−3) 0.00 3.64 5.27 19.70 7.49 4.23 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.44(−1) 2.56(−1) 6.15(−5) 3.13(+0) 3.56(−1)
25
MS 4.20(+4) 0.00 4.64 4.86 25.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 7.43(+6) 13.30 4.57 5.28 24.90 8.12 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
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Table 11 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 4.79(+5) 5.70 4.30 5.36 24.90 9.87 5.80 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
C 6.65(+2) 0.08 3.67 5.20 24.70 9.87 5.97 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
Ne 2.54(−1) 0.62 3.67 5.20 24.70 9.87 5.97 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
O 5.73(−1) 1.05 3.67 5.20 24.70 9.87 5.93 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
Si 1.22(−2) 1.09 3.67 5.20 24.70 9.87 5.93 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
PSN 6.82(−4) 0.00 3.67 5.20 24.70 9.87 5.93 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
30
MS 3.67(+4) 0.00 4.67 5.05 30.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 6.27(+6) 17.00 4.59 5.44 29.90 10.30 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
He 4.14(+5) 6.78 4.36 5.53 29.90 11.60 6.84 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
C 5.06(+2) 0.00 4.27 5.52 29.90 11.70 7.13 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
Ne 1.59(−1) 0.63 4.27 5.52 29.90 11.60 6.98 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
O 2.46(−1) 1.14 4.27 5.52 29.90 11.60 6.98 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
Si 1.43(−3) 1.03 4.27 5.52 29.90 11.70 6.98 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
PSN 6.01(−4) 0.00 4.27 5.52 29.90 11.70 6.98 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
40
MS 2.95(+4) 0.00 4.70 5.33 40.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 5.00(+6) 25.00 4.61 5.68 39.80 15.40 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
He 3.55(+5) 11.00 4.35 5.75 39.80 16.70 11.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
C 2.53(+2) 0.00 4.22 5.75 39.70 16.70 11.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
Ne 1.32(−1) 0.49 4.22 5.75 39.70 16.80 11.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
O 1.62(−1) 1.30 4.22 5.75 39.70 16.80 11.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
Si 8.40(−4) 1.07 4.22 5.75 39.70 16.80 11.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
PSN 4.95(−4) 0.00 4.22 5.75 39.70 16.70 11.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
60
MS 2.25(+4) 0.00 4.75 5.68 60.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 3.92(+6) 42.30 4.63 5.99 59.70 25.90 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
He 3.00(+5) 19.80 4.31 6.06 59.60 27.20 19.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
C 7.13(+1) 0.00 4.10 6.06 59.60 27.20 20.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
Ne 8.12(−2) 0.00 4.10 6.06 59.60 27.20 20.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
O 4.03(−2) 1.72 4.10 6.06 59.60 27.20 20.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
Si 3.51(−4) 1.17 4.10 6.06 59.60 27.20 20.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
PSN 3.13(−4) 0.00 4.10 6.06 59.60 27.20 20.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
Table 11 continued
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Table 11 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 1.96(+4) 0.00 4.77 5.91 80.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 3.38(+6) 59.60 4.61 6.18 79.50 37.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
He 2.70(+5) 28.80 4.24 6.24 79.30 38.30 28.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
C 4.83(+1) 0.00 3.80 6.24 78.60 38.30 29.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
Ne 6.40(−2) 0.00 3.80 6.24 78.60 38.30 28.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
O 2.74(−2) 1.83 3.80 6.24 78.60 38.30 28.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
Si 2.36(−4) 1.15 3.80 6.24 78.60 38.30 28.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
PSN 2.40(−4) 0.00 3.80 6.24 78.60 38.30 28.90 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
120
MS 1.74(+4) 0.00 4.80 6.20 120.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 2.88(+6) 95.20 4.59 6.43 119.00 59.60 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
He 2.52(+5) 50.40 4.05 6.49 106.00 61.40 50.30 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 6.41(−1) 3.59(−1) 1.52(−4) 1.05(+1) 2.00(+0)
C 1.81(+1) 0.00 4.22 6.48 103.00 61.40 50.50 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 4.75(−1) 5.24(−1) 1.97(−4) 3.28(+1) 5.45(+0)
Ne 2.10(−2) 0.00 4.23 6.49 103.00 61.40 50.50 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 4.75(−1) 5.24(−1) 1.97(−4) 3.28(+1) 5.45(+0)
PSN 2.09(−3) 0.00 4.23 6.49 103.00 61.40 50.30 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 4.75(−1) 5.24(−1) 1.97(−4) 3.28(+1) 5.45(+0)
PSN 2.09(−3) 0.00 4.23 6.49 103.00 61.40 50.30 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 4.75(−1) 5.24(−1) 1.97(−4) 3.28(+1) 5.45(+0)
PSN 2.09(−3) 0.00 4.23 6.49 103.00 61.40 50.30 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 4.75(−1) 5.24(−1) 1.97(−4) 3.28(+1) 5.45(+0)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
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Table 12. Main evolutionary properties of the models with v=150 km/s and metallicity [Fe/H]=-2
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 1.35(+5) 0.00 4.53 4.11 13.00 0.00 0.00 1.50(+2) 6.68(−05) 3.08(−1) 7.84(−2) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 1.92(+7) 5.59 4.48 4.71 13.00 3.66 0.00 1.05(+2) 1.81(−05) 3.46(−1) 7.79(−2) 7.51(−1) 2.48(−1) 5.29(−5) 2.26(+0) 2.99(−1)
He 1.37(+6) 3.06 3.63 5.16 11.00 5.21 4.24 2.59(−1) 5.36(−10) 8.66(−3) 3.17(−2) 6.50(−1) 3.49(−1) 2.54(−4) 2.12(+1) 1.88(+0)
C 1.30(+3) 0.24 3.64 5.07 11.00 4.93 3.82 3.12(−1) 7.50(−10) 9.67(−3) 3.15(−2) 5.74(−1) 4.19(−1) 5.48(−3) 4.32(+1) 3.71(+0)
Ne 2.72(−1) 0.64 3.64 5.07 11.00 4.93 3.82 3.13(−1) 7.52(−10) 9.68(−3) 3.15(−2) 5.74(−1) 4.19(−1) 5.48(−3) 4.32(+1) 3.71(+0)
O 7.25(−1) 1.11 3.64 5.07 11.00 4.93 3.46 3.13(−1) 7.52(−10) 9.69(−3) 3.15(−2) 5.74(−1) 4.19(−1) 5.48(−3) 4.32(+1) 3.71(+0)
Si 1.53(−2) 1.13 3.64 5.07 11.00 4.93 3.46 3.13(−1) 7.52(−10) 9.69(−3) 3.15(−2) 5.74(−1) 4.19(−1) 5.48(−3) 4.32(+1) 3.71(+0)
PSN 1.75(−3) 0.00 3.64 5.07 11.00 4.93 3.46 3.13(−1) 7.52(−10) 9.69(−3) 3.15(−2) 5.74(−1) 4.19(−1) 5.48(−3) 4.32(+1) 3.71(+0)
15
MS 1.19(+5) 0.00 4.56 4.28 15.00 0.00 0.00 1.49(+2) 6.05(−05) 2.97(−1) 1.00(−1) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 1.55(+7) 6.79 4.50 4.87 15.00 4.49 0.00 1.17(+2) 1.87(−05) 3.71(−1) 9.95(−2) 7.51(−1) 2.49(−1) 5.45(−5) 2.31(+0) 3.11(−1)
He 1.17(+6) 3.69 3.63 5.26 13.00 6.10 4.99 2.72(−1) 5.05(−10) 8.81(−3) 4.43(−2) 6.32(−1) 3.67(−1) 2.51(−4) 2.12(+1) 1.95(+0)
C 9.21(+2) 0.00 3.64 5.16 13.00 5.77 4.62 3.31(−1) 7.20(−10) 9.93(−3) 4.39(−2) 5.66(−1) 4.26(−1) 5.79(−3) 3.16(+1) 3.13(+0)
Ne 3.82(−1) 0.61 3.64 5.16 13.00 5.77 4.08 3.31(−1) 7.21(−10) 9.94(−3) 4.39(−2) 5.66(−1) 4.26(−1) 5.79(−3) 3.16(+1) 3.13(+0)
O 4.94(−1) 1.22 3.64 5.16 13.00 5.77 4.11 3.31(−1) 7.21(−10) 9.94(−3) 4.39(−2) 5.66(−1) 4.26(−1) 5.79(−3) 3.16(+1) 3.13(+0)
Si 1.35(−3) 1.04 3.64 5.16 13.00 5.77 4.11 3.31(−1) 7.21(−10) 9.94(−3) 4.39(−2) 5.66(−1) 4.26(−1) 5.79(−3) 3.16(+1) 3.13(+0)
PSN 1.16(−3) 0.00 3.64 5.16 13.00 5.77 4.11 3.31(−1) 7.21(−10) 9.94(−3) 4.39(−2) 5.66(−1) 4.26(−1) 5.79(−3) 3.16(+1) 3.13(+0)
20
MS 7.01(+4) 0.00 4.61 4.61 20.00 0.00 0.00 1.48(+2) 5.12(−05) 2.80(−1) 1.64(−1) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 1.06(+7) 9.96 4.55 5.15 19.90 6.62 0.00 7.81(+1) 1.10(−05) 2.32(−1) 1.61(−1) 7.43(−1) 2.56(−1) 6.21(−5) 2.84(+0) 3.68(−1)
He 8.46(+5) 5.36 3.63 5.50 17.60 8.05 6.72 2.38(−1) 3.34(−10) 7.65(−3) 7.90(−2) 6.08(−1) 3.91(−1) 6.62(−4) 4.43(+1) 3.23(+0)
C 5.86(+2) 0.00 3.64 5.36 17.60 8.01 6.51 3.35(−1) 5.83(−10) 9.68(−3) 7.79(−2) 5.62(−1) 4.28(−1) 7.34(−3) 7.01(+1) 2.88(+0)
Ne 2.14(−1) 0.49 3.64 5.36 17.60 8.00 6.50 3.36(−1) 5.84(−10) 9.68(−3) 7.79(−2) 5.62(−1) 4.28(−1) 7.34(−3) 7.01(+1) 2.88(+0)
O 4.78(−1) 1.25 3.64 5.36 17.60 8.00 6.50 3.36(−1) 5.84(−10) 9.69(−3) 7.79(−2) 5.62(−1) 4.28(−1) 7.34(−3) 7.01(+1) 2.88(+0)
Si 1.11(−3) 1.11 3.64 5.36 17.60 7.99 6.50 3.36(−1) 5.84(−10) 9.69(−3) 7.79(−2) 5.62(−1) 4.28(−1) 7.34(−3) 7.01(+1) 2.88(+0)
PSN 1.13(−3) 0.00 3.64 5.36 17.60 7.98 5.86 3.36(−1) 5.84(−10) 9.69(−3) 7.79(−2) 5.62(−1) 4.28(−1) 7.34(−3) 7.01(+1) 2.88(+0)
25
MS 6.18(+4) 0.00 4.64 4.86 25.00 0.00 0.00 1.50(+2) 4.54(−05) 2.71(−1) 2.37(−1) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 8.15(+6) 13.40 4.58 5.34 24.90 8.47 0.00 6.28(+1) 8.20(−06) 1.75(−1) 2.30(−1) 7.39(−1) 2.61(−1) 7.18(−5) 3.57(+0) 4.48(−1)
Table 12 continued
6
8
L
im
o
n
g
i,C
h
ie
f
f
i
Table 12 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 7.10(+5) 7.09 4.26 5.46 24.90 10.50 8.80 1.12(+1) 2.97(−07) 6.97(−2) 2.17(−1) 6.72(−1) 3.28(−1) 1.09(−4) 7.84(+0) 8.69(−1)
C 3.04(+2) 0.00 3.80 5.40 24.90 10.50 8.24 1.30(+0) 4.44(−09) 2.26(−2) 2.15(−1) 6.71(−1) 3.29(−1) 1.10(−4) 7.91(+0) 8.77(−1)
Ne 1.56(−1) 0.45 3.80 5.40 24.90 10.50 8.22 1.30(+0) 4.44(−09) 2.26(−2) 2.15(−1) 6.71(−1) 3.29(−1) 1.10(−4) 7.92(+0) 8.77(−1)
O 2.00(−1) 1.33 3.80 5.40 24.90 10.50 7.83 1.30(+0) 4.44(−09) 2.26(−2) 2.15(−1) 6.71(−1) 3.29(−1) 1.10(−4) 7.92(+0) 8.77(−1)
Si 8.73(−4) 1.16 3.80 5.40 24.90 10.50 7.80 1.30(+0) 4.44(−09) 2.26(−2) 2.15(−1) 6.71(−1) 3.29(−1) 1.10(−4) 7.92(+0) 8.77(−1)
PSN 7.79(−4) 0.00 3.80 5.40 24.90 10.50 7.75 1.30(+0) 4.44(−09) 2.26(−2) 2.15(−1) 6.71(−1) 3.29(−1) 1.10(−4) 7.92(+0) 8.77(−1)
30
MS 4.72(+4) 0.00 4.66 5.04 30.00 0.00 0.00 1.51(+2) 4.14(−05) 2.61(−1) 3.22(−1) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 7.15(+6) 17.10 4.56 5.54 29.80 12.10 0.00 1.29(+2) 1.22(−05) 3.76(−1) 2.89(−1) 7.03(−1) 2.97(−1) 9.81(−5) 6.60(+0) 7.15(−1)
He 4.82(+5) 11.40 3.64 5.70 27.10 15.30 0.01 3.00(−1) 3.44(−10) 8.56(−3) 1.51(−1) 6.68(−1) 3.32(−1) 1.36(−4) 3.75(+1) 1.24(+0)
C 1.55(+2) 0.00 3.63 5.81 26.80 15.40 12.40 1.95(−1) 1.88(−10) 6.13(−3) 1.40(−1) 6.67(−1) 3.33(−1) 1.38(−4) 3.79(+1) 1.26(+0)
Ne 1.14(−1) 0.38 3.63 5.81 26.80 15.40 12.40 1.95(−1) 1.88(−10) 6.13(−3) 1.40(−1) 6.67(−1) 3.33(−1) 1.38(−4) 3.79(+1) 1.26(+0)
O 1.01(−1) 1.55 3.63 5.81 26.80 15.40 11.90 1.95(−1) 1.88(−10) 6.13(−3) 1.40(−1) 6.67(−1) 3.33(−1) 1.38(−4) 3.79(+1) 1.26(+0)
Si 6.67(−4) 1.18 3.63 5.81 26.80 15.40 11.90 1.95(−1) 1.88(−10) 6.13(−3) 1.40(−1) 6.67(−1) 3.33(−1) 1.38(−4) 3.79(+1) 1.26(+0)
PSN 5.30(−4) 0.00 3.63 5.81 26.80 15.40 11.90 1.95(−1) 1.88(−10) 6.13(−3) 1.40(−1) 6.67(−1) 3.33(−1) 1.38(−4) 3.79(+1) 1.26(+0)
40
MS 3.89(+4) 0.00 4.70 5.33 40.00 0.00 0.00 1.49(+2) 3.50(−05) 2.42(−1) 5.11(−1) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 5.59(+6) 25.00 4.51 5.77 39.70 18.30 0.00 1.31(+2) 7.61(−06) 4.18(−1) 4.45(−1) 7.07(−1) 2.92(−1) 1.04(−4) 7.11(+0) 8.03(−1)
He 4.06(+5) 17.90 5.24 5.90 21.90 0.00 7.02 5.16(+1) 7.40(−05) 4.65(−2) 5.04(−2) 0.00(+0) 7.94(−1) 1.60(−2) 1.22(−1) 2.76(−1)
C 6.17(+1) 0.00 5.37 6.01 21.80 0.00 17.30 8.28(+1) 1.90(−04) 5.89(−2) 5.02(−2) 0.00(+0) 7.77(−1) 1.51(−2) 1.07(−1) 2.32(−1)
Ne 8.05(−2) 0.00 5.37 6.02 21.80 0.00 17.30 8.52(+1) 2.01(−04) 5.98(−2) 5.02(−2) 0.00(+0) 7.77(−1) 1.51(−2) 1.07(−1) 2.32(−1)
O 3.93(−2) 1.74 5.36 6.01 21.80 0.00 17.00 8.25(+1) 1.89(−04) 5.88(−2) 5.02(−2) 0.00(+0) 7.77(−1) 1.51(−2) 1.07(−1) 2.32(−1)
Si 3.49(−4) 1.18 5.36 6.01 21.80 0.00 17.00 8.12(+1) 1.83(−04) 5.84(−2) 5.02(−2) 0.00(+0) 7.77(−1) 1.51(−2) 1.07(−1) 2.32(−1)
PSN 4.52(−4) 0.00 5.36 6.01 21.80 0.00 17.00 8.09(+1) 1.81(−04) 5.83(−2) 5.02(−2) 0.00(+0) 7.77(−1) 1.51(−2) 1.07(−1) 2.32(−1)
60
MS 2.98(+4) 0.00 4.74 5.68 60.00 0.00 0.00 1.51(+2) 2.87(−05) 2.23(−1) 9.77(−1) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 4.27(+6) 42.70 4.31 6.06 59.50 30.90 0.00 1.16(+2) 1.96(−06) 5.44(−1) 8.37(−1) 7.14(−1) 2.86(−1) 1.12(−4) 7.72(+0) 9.30(−1)
He 3.38(+5) 30.60 5.25 6.20 36.10 0.00 31.00 6.45(+1) 6.88(−05) 5.25(−2) 1.30(−1) 0.00(+0) 6.86(−1) 1.10(−2) 5.80(−2) 9.92(−2)
C 1.93(+1) 0.00 5.35 6.29 36.00 0.00 29.00 9.44(+1) 1.47(−04) 6.35(−2) 1.29(−1) 0.00(+0) 6.67(−1) 1.03(−2) 5.13(−2) 8.56(−2)
Ne 4.30(−2) 0.00 5.35 6.31 36.00 0.00 29.00 9.30(+1) 1.43(−04) 6.31(−2) 1.29(−1) 0.00(+0) 6.67(−1) 1.03(−2) 5.13(−2) 8.56(−2)
O 1.70(−2) 1.76 5.35 6.29 36.00 0.00 28.40 9.47(+1) 1.48(−04) 6.37(−2) 1.29(−1) 0.00(+0) 6.67(−1) 1.03(−2) 5.13(−2) 8.56(−2)
Si 2.21(−4) 1.10 5.35 6.29 36.00 0.00 28.40 9.28(+1) 1.42(−04) 6.30(−2) 1.29(−1) 0.00(+0) 6.67(−1) 1.03(−2) 5.13(−2) 8.56(−2)
PSN 2.01(−4) 0.00 5.35 6.29 36.00 0.00 28.40 9.28(+1) 1.42(−04) 6.30(−2) 1.29(−1) 0.00(+0) 6.67(−1) 1.03(−2) 5.13(−2) 8.56(−2)
Table 12 continued
T
h
e
e
v
o
l
u
t
io
n
o
f
r
o
t
a
t
in
g
m
a
s
s
iv
e
s
t
a
r
s
a
t
v
a
r
io
u
s
m
e
t
a
l
l
ic
it
ie
s
6
9
Table 12 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 2.57(+4) 0.00 4.77 5.91 80.00 0.00 0.00 1.51(+2) 2.47(−05) 2.08(−1) 1.53(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 3.62(+6) 59.80 4.21 6.24 79.20 42.90 0.00 9.32(+1) 8.02(−07) 5.31(−1) 1.30(+0) 7.07(−1) 2.93(−1) 1.22(−4) 9.42(+0) 1.09(+0)
He 3.10(+5) 42.40 5.25 6.36 48.50 0.00 16.10 7.17(+1) 6.36(−05) 5.51(−2) 2.20(−1) 0.00(+0) 5.75(−1) 7.23(−3) 2.89(−2) 4.36(−2)
C 1.82(+1) 0.00 5.29 6.45 48.50 0.00 38.60 7.78(+1) 7.47(−05) 5.75(−2) 2.19(−1) 0.00(+0) 5.52(−1) 6.61(−3) 2.55(−2) 3.66(−2)
Ne 2.69(−2) 0.00 5.22 6.47 48.50 0.00 39.70 5.75(+1) 4.06(−05) 4.95(−2) 2.19(−1) 0.00(+0) 5.52(−1) 6.61(−3) 2.55(−2) 3.66(−2)
O 7.11(−3) 1.18 5.11 6.47 48.50 0.00 40.50 3.47(+1) 1.46(−05) 3.88(−2) 2.19(−1) 0.00(+0) 5.52(−1) 6.61(−3) 2.55(−2) 3.66(−2)
PSN 1.06(−3) 0.00 5.17 6.47 48.50 0.00 40.50 4.36(+1) 2.34(−05) 4.31(−2) 2.19(−1) 0.00(+0) 5.52(−1) 6.61(−3) 2.55(−2) 3.66(−2)
PSN 1.06(−3) 0.00 5.17 6.47 48.50 0.00 40.50 4.36(+1) 2.34(−05) 4.31(−2) 2.19(−1) 0.00(+0) 5.52(−1) 6.61(−3) 2.55(−2) 3.66(−2)
120
MS 2.20(+4) 0.00 4.80 6.20 120.00 0.00 0.00 1.49(+2) 2.00(−05) 1.86(−1) 2.87(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 3.10(+6) 95.50 4.99 6.52 86.40 70.40 0.00 2.82(+1) 6.52(−06) 3.18(−2) 6.74(−1) 1.27(−1) 8.73(−1) 2.32(−4) 9.19(+1) 1.32(+2)
He 2.77(+5) 65.60 5.25 6.58 72.50 0.00 1.63 7.83(+1) 5.38(−05) 5.59(−2) 4.53(−1) 0.00(+0) 4.45(−1) 2.70(−3) 8.08(−3) 1.24(−2)
C 1.55(+2) 0.00 5.02 6.63 72.30 0.00 58.80 2.62(+1) 5.98(−06) 3.25(−2) 4.50(−1) 0.00(+0) 4.22(−1) 2.39(−3) 7.05(−3) 1.02(−2)
Ne 2.36(−1) 0.37 5.01 6.63 72.30 0.00 58.70 2.45(+1) 5.22(−06) 3.14(−2) 4.50(−1) 0.00(+0) 4.22(−1) 2.39(−3) 7.05(−3) 1.02(−2)
O 3.69(−1) 1.24 5.00 6.63 72.30 0.00 58.70 2.37(+1) 4.89(−06) 3.09(−2) 4.50(−1) 0.00(+0) 4.22(−1) 2.39(−3) 7.05(−3) 1.02(−2)
Si 1.02(−3) 1.03 5.00 6.63 72.30 0.00 58.70 2.34(+1) 4.78(−06) 3.07(−2) 4.50(−1) 0.00(+0) 4.22(−1) 2.39(−3) 7.05(−3) 1.02(−2)
PSN 8.72(−4) 0.00 5.00 6.63 72.30 0.00 58.70 2.34(+1) 4.76(−06) 3.07(−2) 4.50(−1) 0.00(+0) 4.22(−1) 2.39(−3) 7.05(−3) 1.02(−2)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
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Table 13. Main evolutionary properties of the models with v=300 km/s and metallicity [Fe/H]=-2
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 1.35(+5) 0.00 4.52 4.09 13.00 0.00 0.00 3.00(+2) 1.24(−04) 5.95(−1) 1.48(−1) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 2.02(+7) 5.51 4.45 4.70 13.00 3.57 0.00 3.03(+2) 4.28(−05) 8.70(−1) 1.47(−1) 7.30(−1) 2.70(−1) 9.27(−5) 8.36(+0) 6.24(−1)
He 1.79(+6) 3.56 3.63 5.24 11.50 5.64 3.83 3.85(−1) 7.21(−10) 1.32(−2) 5.52(−2) 6.09(−1) 3.90(−1) 8.16(−4) 7.24(+1) 4.08(+0)
C 3.70(+2) 0.00 3.63 5.20 11.50 5.67 4.24 4.22(−1) 8.35(−10) 1.42(−2) 5.47(−2) 6.09(−1) 3.90(−1) 8.16(−4) 7.24(+1) 4.08(+0)
Ne 1.96(−1) 0.06 3.63 5.20 11.50 5.67 4.23 4.24(−1) 8.39(−10) 1.42(−2) 5.47(−2) 6.09(−1) 3.90(−1) 8.16(−4) 7.24(+1) 4.08(+0)
O 5.10(−1) 1.20 3.63 5.20 11.50 5.62 3.80 4.24(−1) 8.40(−10) 1.42(−2) 5.47(−2) 6.09(−1) 3.90(−1) 8.16(−4) 7.24(+1) 4.08(+0)
Si 1.43(−3) 1.11 3.63 5.20 11.50 5.63 3.80 4.24(−1) 8.40(−10) 1.42(−2) 5.47(−2) 6.09(−1) 3.90(−1) 8.16(−4) 7.24(+1) 4.08(+0)
PSN 1.80(−3) 0.00 3.63 5.20 11.50 5.63 3.80 4.24(−1) 8.40(−10) 1.42(−2) 5.47(−2) 6.09(−1) 3.90(−1) 8.16(−4) 7.24(+1) 4.08(+0)
15
MS 1.14(+5) 0.00 4.54 4.27 15.00 0.00 0.00 2.93(+2) 1.12(−04) 5.68(−1) 1.87(−1) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 1.63(+7) 6.67 4.48 4.85 15.00 4.39 0.00 2.86(+2) 4.01(−05) 8.10(−1) 1.87(−1) 7.22(−1) 2.78(−1) 9.85(−5) 9.46(+0) 6.89(−1)
He 1.51(+6) 4.19 3.64 5.23 13.70 6.48 4.50 6.20(−1) 1.23(−09) 1.89(−2) 8.87(−2) 5.97(−1) 4.02(−1) 8.49(−4) 7.48(+1) 3.89(+0)
C 3.25(+2) 0.00 3.64 5.27 13.70 6.48 4.72 5.52(−1) 1.04(−09) 1.74(−2) 8.80(−2) 5.97(−1) 4.02(−1) 8.76(−4) 7.59(+1) 3.92(+0)
Ne 1.87(−1) 0.26 3.64 5.27 13.70 6.44 4.72 5.53(−1) 1.04(−09) 1.74(−2) 8.80(−2) 5.97(−1) 4.02(−1) 8.76(−4) 7.59(+1) 3.92(+0)
O 3.94(−1) 1.26 3.64 5.27 13.70 6.46 4.72 5.53(−1) 1.04(−09) 1.74(−2) 8.80(−2) 5.97(−1) 4.02(−1) 8.76(−4) 7.59(+1) 3.92(+0)
Si 1.05(−3) 1.06 3.64 5.27 13.70 6.47 4.34 5.53(−1) 1.04(−09) 1.74(−2) 8.80(−2) 5.97(−1) 4.02(−1) 8.76(−4) 7.59(+1) 3.92(+0)
PSN 1.56(−3) 0.00 3.64 5.27 13.70 6.47 4.72 5.53(−1) 1.04(−09) 1.74(−2) 8.80(−2) 5.97(−1) 4.02(−1) 8.76(−4) 7.59(+1) 3.92(+0)
20
MS 8.16(+4) 0.00 4.59 4.60 20.00 0.00 0.00 2.96(+2) 9.65(−05) 5.43(−1) 3.22(−1) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 1.16(+7) 9.82 4.52 5.21 19.90 6.77 0.00 1.88(+2) 2.22(−05) 5.70(−1) 3.20(−1) 6.77(−1) 3.22(−1) 1.18(−4) 1.81(+1) 9.38(−1)
He 8.16(+5) 7.05 3.64 5.43 16.90 9.90 8.29 4.10(−1) 6.47(−10) 1.27(−2) 8.95(−2) 6.36(−1) 3.64(−1) 2.03(−4) 4.59(+1) 1.67(+0)
C 1.29(+2) 0.00 3.63 5.53 16.80 9.82 7.89 2.81(−1) 3.72(−10) 9.50(−3) 8.80(−2) 6.36(−1) 3.64(−1) 2.14(−4) 4.75(+1) 1.74(+0)
Ne 9.51(−2) 0.00 3.63 5.53 16.80 9.86 7.89 2.81(−1) 3.72(−10) 9.50(−3) 8.80(−2) 6.36(−1) 3.64(−1) 2.14(−4) 4.75(+1) 1.74(+0)
O 1.35(−1) 1.51 3.63 5.53 16.80 9.88 7.10 2.81(−1) 3.72(−10) 9.50(−3) 8.80(−2) 6.36(−1) 3.64(−1) 2.14(−4) 4.75(+1) 1.74(+0)
Si 5.84(−4) 1.23 3.63 5.53 16.80 9.87 7.10 2.81(−1) 3.72(−10) 9.50(−3) 8.80(−2) 6.36(−1) 3.64(−1) 2.14(−4) 4.75(+1) 1.74(+0)
PSN 7.30(−4) 0.00 3.63 5.53 16.80 9.85 6.77 2.81(−1) 3.72(−10) 9.50(−3) 8.80(−2) 6.36(−1) 3.64(−1) 2.14(−4) 4.75(+1) 1.74(+0)
25
MS 5.56(+4) 0.00 4.62 4.83 25.00 0.00 0.00 3.11(+2) 8.85(−05) 5.45(−1) 4.66(−1) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 9.02(+6) 13.20 4.51 5.40 24.90 9.73 0.00 2.09(+2) 1.82(−05) 6.43(−1) 4.40(−1) 6.80(−1) 3.20(−1) 1.23(−4) 2.18(+1) 1.01(+0)
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Table 13 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 5.79(+5) 9.12 5.11 5.66 13.20 12.90 10.90 1.89(+0) 2.00(−06) 2.56(−3) 3.37(−2) 9.66(−2) 8.52(−1) 4.26(−2) 1.25(+2) 5.16(+0)
C 1.89(+2) 0.00 5.21 5.66 13.20 0.00 10.40 2.97(+0) 4.99(−06) 3.19(−3) 3.37(−2) 2.39(−8) 9.09(−1) 7.57(−2) 6.53(+1) 5.50(+0)
Ne 1.42(−1) 0.46 5.22 5.67 13.20 0.00 10.40 3.03(+0) 5.20(−06) 3.22(−3) 3.37(−2) 2.38(−8) 9.09(−1) 7.57(−2) 6.49(+1) 5.49(+0)
O 1.50(−1) 1.43 5.22 5.68 13.20 0.00 10.40 3.03(+0) 5.20(−06) 3.22(−3) 3.37(−2) 2.38(−8) 9.09(−1) 7.57(−2) 6.45(+1) 5.49(+0)
Si 7.49(−4) 1.20 5.20 5.69 13.20 0.00 10.40 2.80(+0) 4.42(−06) 3.09(−3) 3.37(−2) 5.98(−9) 6.23(−1) 3.23(−2) 2.64(−1) 1.77(−1)
PSN 8.15(−4) 0.00 5.21 5.69 13.20 0.00 10.40 2.82(+0) 4.50(−06) 3.11(−3) 3.37(−2) 5.98(−9) 6.23(−1) 3.23(−2) 2.64(−1) 1.77(−1)
30
MS 4.64(+4) 0.00 4.66 5.04 30.00 0.00 0.00 3.00(+2) 8.02(−05) 5.01(−1) 6.30(−1) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 7.44(+6) 16.90 4.44 5.55 29.80 12.60 0.00 2.99(+2) 1.54(−05) 9.04(−1) 5.77(−1) 6.96(−1) 3.04(−1) 1.23(−4) 2.22(+1) 1.00(+0)
He 4.87(+5) 11.70 5.22 5.66 15.10 0.00 12.70 8.58(+1) 1.51(−04) 8.39(−2) 3.68(−2) 0.00(+0) 6.65(−1) 1.12(−2) 4.61(−2) 1.45(−1)
C 1.69(+2) 0.00 5.34 5.77 15.10 0.00 11.80 1.29(+2) 3.38(−04) 1.03(−1) 3.67(−2) 0.00(+0) 6.51(−1) 1.08(−2) 4.30(−2) 1.29(−1)
Ne 1.27(−1) 0.45 5.34 5.78 15.10 0.00 11.80 1.33(+2) 3.62(−04) 1.05(−1) 3.67(−2) 0.00(+0) 6.51(−1) 1.08(−2) 4.30(−2) 1.29(−1)
O 1.27(−1) 1.47 5.34 5.78 15.10 0.00 11.70 1.32(+2) 3.56(−04) 1.04(−1) 3.67(−2) 0.00(+0) 6.51(−1) 1.08(−2) 4.30(−2) 1.29(−1)
Si 7.68(−4) 1.19 5.34 5.78 15.10 0.00 11.70 1.32(+2) 3.54(−04) 1.04(−1) 3.67(−2) 0.00(+0) 6.51(−1) 1.08(−2) 4.30(−2) 1.29(−1)
PSN 6.06(−4) 0.00 5.35 5.78 15.10 0.00 11.70 1.34(+2) 3.66(−04) 1.05(−1) 3.67(−2) 0.00(+0) 6.51(−1) 1.08(−2) 4.30(−2) 1.29(−1)
40
MS 3.64(+4) 0.00 4.70 5.32 40.00 0.00 0.00 3.00(+2) 6.90(−05) 4.72(−1) 1.01(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 5.81(+6) 24.80 4.41 5.78 39.60 19.00 0.00 1.70(+2) 5.99(−06) 6.47(−1) 8.73(−1) 7.06(−1) 2.93(−1) 1.20(−4) 1.93(+1) 9.73(−1)
He 4.06(+5) 18.80 5.24 5.93 23.00 0.00 3.61 9.15(+1) 1.30(−04) 8.07(−2) 7.82(−2) 0.00(+0) 5.62(−1) 3.46(−2) 1.42(−1) 2.22(−1)
C 5.02(+1) 0.00 5.38 6.04 22.90 0.00 18.50 1.51(+2) 3.53(−04) 1.04(−1) 7.79(−2) 0.00(+0) 5.44(−1) 3.29(−2) 1.31(−1) 1.97(−1)
Ne 7.62(−2) 0.00 5.39 6.05 22.90 0.00 18.20 1.56(+2) 3.76(−04) 1.05(−1) 7.79(−2) 0.00(+0) 5.44(−1) 3.29(−2) 1.31(−1) 1.97(−1)
O 3.75(−2) 1.81 5.37 6.04 22.90 0.00 17.60 1.46(+2) 3.30(−04) 1.02(−1) 7.79(−2) 0.00(+0) 5.44(−1) 3.29(−2) 1.31(−1) 1.97(−1)
Si 3.48(−4) 1.23 5.36 6.03 22.90 0.00 17.60 1.42(+2) 3.11(−04) 1.01(−1) 7.79(−2) 0.00(+0) 5.44(−1) 3.29(−2) 1.31(−1) 1.97(−1)
PSN 5.34(−4) 0.00 5.36 6.03 22.90 0.00 17.60 1.39(+2) 2.99(−04) 9.96(−2) 7.79(−2) 0.00(+0) 5.44(−1) 3.29(−2) 1.31(−1) 1.97(−1)
60
MS 3.22(+4) 0.00 4.73 5.67 60.00 0.00 0.00 2.94(+2) 5.38(−05) 4.28(−1) 1.93(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 4.43(+6) 42.40 4.07 6.07 59.30 32.40 0.25 7.81(+0) 4.32(−08) 6.87(−2) 1.57(+0) 7.03(−1) 2.97(−1) 1.25(−4) 1.45(+1) 1.09(+0)
He 3.34(+5) 32.00 5.25 6.22 37.50 0.00 32.50 1.09(+2) 1.15(−04) 8.73(−2) 1.92(−1) 0.00(+0) 4.69(−1) 1.19(−2) 3.54(−2) 6.73(−2)
C 3.24(+1) 0.00 5.35 6.31 37.40 0.00 29.50 1.53(+2) 2.27(−04) 1.03(−1) 1.92(−1) 0.00(+0) 4.58(−1) 1.15(−2) 3.37(−2) 6.14(−2)
Ne 4.76(−2) 0.00 5.34 6.33 37.40 0.00 30.40 1.49(+2) 2.15(−04) 1.02(−1) 1.92(−1) 0.00(+0) 4.58(−1) 1.15(−2) 3.37(−2) 6.14(−2)
O 1.70(−2) 1.81 5.33 6.33 37.40 0.00 30.40 1.41(+2) 1.92(−04) 9.93(−2) 1.92(−1) 0.00(+0) 4.58(−1) 1.15(−2) 3.37(−2) 6.14(−2)
Si 2.55(−4) 1.11 5.32 6.34 37.40 0.00 31.10 1.30(+2) 1.63(−04) 9.54(−2) 1.92(−1) 0.00(+0) 4.58(−1) 1.15(−2) 3.37(−2) 6.14(−2)
PSN 1.62(−4) 0.00 5.30 6.35 37.40 0.00 31.00 1.21(+2) 1.41(−04) 9.19(−2) 1.92(−1) 0.00(+0) 4.58(−1) 1.15(−2) 3.37(−2) 6.14(−2)
Table 13 continued
7
2
L
im
o
n
g
i,C
h
ie
f
f
i
Table 13 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 2.80(+4) 0.00 4.76 5.90 80.00 0.00 0.00 2.95(+2) 4.68(−05) 4.01(−1) 3.03(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 3.77(+6) 59.30 5.02 6.28 54.20 45.50 0.00 4.36(+1) 1.50(−05) 5.09(−2) 4.09(−1) 6.14(−2) 9.38(−1) 2.31(−4) 7.23(+1) 1.39(+2)
He 3.07(+5) 42.00 5.25 6.35 47.10 0.00 0.00 1.14(+2) 1.04(−04) 8.73(−2) 2.82(−1) 0.00(+0) 4.39(−1) 2.90(−3) 7.84(−3) 1.55(−2)
C 2.07(+1) 0.00 5.31 6.43 47.00 0.00 37.10 1.34(+2) 1.45(−04) 9.51(−2) 2.81(−1) 0.00(+0) 4.29(−1) 2.77(−3) 7.45(−3) 1.41(−2)
Ne 3.38(−2) 0.00 5.27 6.45 47.00 0.00 38.30 1.11(+2) 9.92(−05) 8.66(−2) 2.81(−1) 0.00(+0) 4.29(−1) 2.77(−3) 7.45(−3) 1.41(−2)
O 9.20(−3) 1.48 5.23 6.45 47.00 0.00 38.20 9.15(+1) 6.72(−05) 7.84(−2) 2.81(−1) 0.00(+0) 4.29(−1) 2.77(−3) 7.45(−3) 1.41(−2)
PSN 1.46(−4) 0.00 5.25 6.45 47.00 0.00 38.70 1.03(+2) 8.54(−05) 8.31(−2) 2.81(−1) 0.00(+0) 4.29(−1) 2.77(−3) 7.45(−3) 1.41(−2)
PSN 1.46(−4) 0.00 5.25 6.45 47.00 0.00 38.70 1.03(+2) 8.54(−05) 8.31(−2) 2.81(−1) 0.00(+0) 4.29(−1) 2.77(−3) 7.45(−3) 1.41(−2)
120
MS 2.35(+4) 0.00 4.79 6.20 120.00 0.00 0.00 2.95(+2) 3.83(−05) 3.65(−1) 5.67(+0) 7.60(−1) 2.40(−1) 6.95(−6) 1.59(−1) 3.40(−2)
H 3.23(+6) 95.00 5.05 6.54 83.40 73.30 0.00 1.11(+2) 3.21(−05) 1.13(−1) 8.06(−1) 2.34(−2) 9.76(−1) 2.30(−4) 5.50(+1) 1.61(+2)
He 2.74(+5) 67.00 5.24 6.56 70.90 0.00 0.97 1.06(+2) 7.33(−05) 7.64(−2) 5.25(−1) 0.00(+0) 4.52(−1) 7.26(−4) 2.00(−3) 3.97(−3)
C 3.53(+1) 0.00 5.04 6.63 70.40 0.00 51.70 3.86(+1) 9.77(−06) 4.60(−2) 5.15(−1) 0.00(+0) 4.08(−1) 5.83(−4) 1.60(−3) 2.59(−3)
Ne 6.73(−2) 0.00 5.01 6.63 70.40 0.00 51.70 3.35(+1) 7.38(−06) 4.29(−2) 5.15(−1) 0.00(+0) 4.08(−1) 5.83(−4) 1.60(−3) 2.59(−3)
PSN 2.59(−2) 0.00 4.93 6.64 70.40 0.00 53.20 2.29(+1) 3.45(−06) 3.55(−2) 5.15(−1) 0.00(+0) 4.08(−1) 5.83(−4) 1.60(−3) 2.59(−3)
PSN 2.59(−2) 0.00 4.93 6.64 70.40 0.00 53.20 2.29(+1) 3.45(−06) 3.55(−2) 5.15(−1) 0.00(+0) 4.08(−1) 5.83(−4) 1.60(−3) 2.59(−3)
PSN 2.59(−2) 0.00 4.93 6.64 70.40 0.00 53.20 2.29(+1) 3.45(−06) 3.55(−2) 5.15(−1) 0.00(+0) 4.08(−1) 5.83(−4) 1.60(−3) 2.59(−3)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
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Table 14. Main evolutionary properties of the models with v=000 km/s and metallicity [Fe/H]=-3
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 1.05(+5) 0.00 4.57 4.12 13.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 1.62(+7) 5.63 4.52 4.59 13.00 3.11 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
He 1.01(+6) 1.98 4.23 4.75 13.00 4.32 2.03 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
C 6.24(+3) 0.57 3.66 4.88 13.00 4.22 2.19 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.53(−1) 2.47(−1) 6.85(−6) 4.40(+0) 4.04(−1)
Ne 6.29(+0) 0.85 3.66 4.88 13.00 4.22 2.25 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.53(−1) 2.47(−1) 6.87(−6) 4.42(+0) 4.05(−1)
O 3.22(+0) 0.94 3.66 4.88 13.00 4.22 2.24 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.53(−1) 2.47(−1) 6.87(−6) 4.42(+0) 4.05(−1)
Si 2.45(−1) 1.12 3.66 4.88 13.00 4.22 2.24 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.53(−1) 2.47(−1) 6.87(−6) 4.42(+0) 4.05(−1)
PSN 1.32(−3) 0.00 3.66 4.88 13.00 4.22 2.15 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.53(−1) 2.47(−1) 6.87(−6) 4.42(+0) 4.05(−1)
15
MS 7.35(+4) 0.00 4.60 4.29 15.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 1.33(+7) 6.84 4.54 4.76 15.00 3.82 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
He 9.75(+5) 3.20 4.21 4.90 15.00 5.29 3.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
C 1.60(+3) 0.42 3.66 5.06 15.00 5.22 3.33 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.44(−1) 2.56(−1) 7.61(−6) 5.15(+0) 4.69(−1)
Ne 7.98(−1) 0.71 3.66 5.06 15.00 5.22 3.28 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.44(−1) 2.56(−1) 7.61(−6) 5.15(+0) 4.69(−1)
O 1.44(+0) 1.05 3.66 5.06 15.00 5.22 3.28 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.44(−1) 2.56(−1) 7.61(−6) 5.15(+0) 4.69(−1)
Si 3.02(−2) 1.04 3.66 5.06 15.00 5.22 3.09 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.44(−1) 2.56(−1) 7.61(−6) 5.15(+0) 4.69(−1)
PSN 1.20(−3) 0.00 3.66 5.06 15.00 5.22 3.09 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.44(−1) 2.56(−1) 7.61(−6) 5.15(+0) 4.69(−1)
20
MS 5.45(+4) 0.00 4.64 4.63 20.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 9.34(+6) 9.82 4.58 5.07 20.00 5.84 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
He 5.86(+5) 4.10 4.23 5.17 20.00 7.42 4.24 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
C 1.28(+3) 0.47 3.66 5.26 19.80 7.42 4.36 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.48(−1) 2.52(−1) 7.15(−6) 4.85(+0) 4.27(−1)
Ne 2.91(−1) 0.70 3.66 5.26 19.80 7.42 4.36 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.48(−1) 2.52(−1) 7.17(−6) 4.86(+0) 4.28(−1)
O 5.80(−1) 1.01 3.66 5.26 19.80 7.42 4.36 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.48(−1) 2.52(−1) 7.17(−6) 4.86(+0) 4.28(−1)
Si 5.07(−2) 1.07 3.66 5.26 19.80 7.42 4.36 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.48(−1) 2.52(−1) 7.17(−6) 4.86(+0) 4.28(−1)
PSN 9.91(−4) 0.00 3.66 5.26 19.80 7.42 4.35 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.48(−1) 2.52(−1) 7.17(−6) 4.86(+0) 4.28(−1)
25
MS 4.41(+4) 0.00 4.67 4.87 25.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 7.38(+6) 13.50 4.60 5.29 25.00 8.11 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
Table 14 continued
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Table 14 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 4.87(+5) 6.08 4.28 5.37 25.00 9.90 6.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
C 5.49(+2) 0.00 3.66 5.46 24.60 9.84 6.30 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.23(−1) 2.77(−1) 8.97(−6) 6.69(+0) 6.01(−1)
Ne 1.99(−1) 0.59 3.66 5.46 24.60 9.84 6.29 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.23(−1) 2.77(−1) 8.97(−6) 6.69(+0) 6.01(−1)
O 4.65(−1) 1.09 3.66 5.46 24.60 9.84 6.29 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.23(−1) 2.77(−1) 8.97(−6) 6.69(+0) 6.01(−1)
Si 3.55(−3) 1.07 3.66 5.46 24.60 9.84 6.29 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.23(−1) 2.77(−1) 8.97(−6) 6.69(+0) 6.01(−1)
PSN 6.22(−4) 0.00 3.66 5.46 24.60 9.84 6.29 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.23(−1) 2.77(−1) 8.97(−6) 6.69(+0) 6.01(−1)
30
MS 4.05(+4) 0.00 4.70 5.06 30.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 6.24(+6) 17.00 4.62 5.45 30.00 10.40 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
He 4.15(+5) 7.89 4.39 5.52 30.00 12.30 7.98 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
C 3.70(+2) 0.00 4.07 5.51 30.00 12.30 8.09 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
Ne 1.67(−1) 0.59 4.07 5.51 30.00 12.30 8.08 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
O 2.88(−1) 1.12 4.07 5.51 30.00 12.30 8.08 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
Si 1.82(−3) 1.09 4.07 5.51 30.00 12.30 8.08 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
PSN 5.74(−4) 0.00 4.07 5.51 30.00 12.30 8.08 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
40
MS 3.33(+4) 0.00 4.74 5.33 40.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 4.98(+6) 24.40 4.64 5.69 40.00 15.20 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
He 3.54(+5) 12.00 4.46 5.75 40.00 17.50 0.19 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
C 1.57(+2) 0.00 4.34 5.75 40.00 17.50 12.30 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
Ne 1.13(−1) 0.41 4.34 5.75 40.00 17.50 12.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
O 1.07(−1) 1.50 4.34 5.75 40.00 17.50 12.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
Si 7.26(−4) 1.12 4.34 5.75 40.00 17.50 12.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
PSN 4.66(−4) 0.00 4.34 5.75 40.00 17.50 12.20 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
60
MS 2.87(+4) 0.00 4.78 5.68 60.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 3.84(+6) 40.00 4.65 5.99 60.00 26.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
He 3.02(+5) 21.60 4.43 6.04 59.90 28.50 21.70 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
C 5.98(+1) 0.00 4.29 6.04 59.90 28.50 21.70 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
Ne 7.46(−2) 0.00 4.29 6.04 59.90 28.50 21.70 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
O 3.47(−2) 1.79 4.29 6.04 59.90 28.50 21.70 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
Si 3.02(−4) 1.14 4.29 6.04 59.90 28.50 21.70 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
PSN 3.03(−4) 0.00 4.29 6.04 59.90 28.50 21.70 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
Table 14 continued
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Table 14 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 2.55(+4) 0.00 4.80 5.91 80.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 3.33(+6) 57.50 4.66 6.18 79.90 36.30 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
He 2.69(+5) 29.60 4.39 6.23 79.90 38.90 29.70 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
C 4.72(+1) 0.00 4.25 6.22 79.90 38.90 29.80 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
Ne 6.10(−2) 0.00 4.25 6.22 79.90 38.90 29.80 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
O 2.65(−2) 1.86 4.25 6.22 79.90 38.90 29.70 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
Si 2.27(−4) 1.11 4.25 6.22 79.90 38.90 29.70 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
PSN 2.29(−4) 0.00 4.25 6.22 79.90 38.90 29.60 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
120
MS 1.75(+4) 0.00 4.83 6.21 120.00 0.00 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 2.84(+6) 92.90 4.62 6.43 120.00 58.80 0.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
He 2.46(+5) 48.90 4.22 6.48 120.00 61.00 49.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
C 1.94(+1) 0.00 4.10 6.47 120.00 61.00 49.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
Ne 2.79(−2) 0.00 4.10 6.47 120.00 61.00 49.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
PSN 5.24(−3) 0.00 4.10 6.47 120.00 61.00 49.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
PSN 5.24(−3) 0.00 4.10 6.47 120.00 61.00 49.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
PSN 5.24(−3) 0.00 4.10 6.47 120.00 61.00 49.00 0.00(+0) 0.00(+00) 0.00(+0) 0.00(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
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Table 15. Main evolutionary properties of the models with v=150 km/s and metallicity [Fe/H]=-3
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 1.45(+5) 0.00 4.57 4.12 13.00 0.00 0.00 1.50(+2) 7.76(−05) 2.86(−1) 7.02(−2) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 1.90(+7) 5.72 4.52 4.72 13.00 3.64 0.00 6.88(+1) 1.40(−05) 2.11(−1) 6.98(−2) 7.53(−1) 2.47(−1) 5.57(−6) 2.98(+0) 3.09(−1)
He 1.34(+6) 3.13 3.66 5.12 11.80 5.30 3.50 3.81(−1) 9.29(−10) 1.14(−2) 3.79(−2) 6.61(−1) 3.39(−1) 1.53(−5) 2.03(+1) 1.24(+0)
C 1.14(+3) 0.00 3.66 5.08 11.80 4.98 3.85 3.88(−1) 1.01(−09) 1.12(−2) 3.79(−2) 5.95(−1) 4.01(−1) 2.61(−3) 5.95(+1) 3.37(+0)
Ne 4.49(−1) 0.59 3.66 5.08 11.80 4.98 3.85 3.89(−1) 1.01(−09) 1.12(−2) 3.79(−2) 5.95(−1) 4.01(−1) 2.61(−3) 5.95(+1) 3.37(+0)
O 6.94(−1) 1.15 3.66 5.08 11.80 4.98 3.85 3.89(−1) 1.01(−09) 1.12(−2) 3.79(−2) 5.95(−1) 4.01(−1) 2.61(−3) 5.95(+1) 3.37(+0)
Si 6.02(−3) 1.13 3.66 5.08 11.80 4.98 3.54 3.89(−1) 1.01(−09) 1.12(−2) 3.78(−2) 5.95(−1) 4.01(−1) 2.61(−3) 5.95(+1) 3.37(+0)
PSN 1.39(−3) 0.00 3.66 5.08 11.80 4.98 3.54 3.89(−1) 1.01(−09) 1.12(−2) 3.78(−2) 5.95(−1) 4.01(−1) 2.61(−3) 5.95(+1) 3.37(+0)
15
MS 2.19(+6) 6.81 4.59 4.34 15.00 0.00 0.00 1.47(+2) 6.49(−05) 2.84(−1) 8.86(−2) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 1.54(+7) 6.81 4.54 4.87 15.00 4.39 0.00 9.01(+1) 1.70(−05) 2.66(−1) 8.73(−2) 7.51(−1) 2.49(−1) 4.94(−6) 2.44(+0) 2.66(−1)
He 1.18(+6) 3.78 3.66 5.23 13.30 6.13 5.09 3.37(−1) 7.22(−10) 1.01(−2) 4.43(−2) 6.35(−1) 3.65(−1) 2.01(−5) 2.43(+1) 1.65(+0)
C 7.61(+2) 0.00 3.66 5.19 13.20 5.96 4.54 3.59(−1) 8.30(−10) 1.03(−2) 4.42(−2) 5.83(−1) 4.16(−1) 1.34(−3) 7.93(+1) 4.01(+0)
Ne 3.38(−1) 0.47 3.66 5.19 13.20 5.96 4.54 3.59(−1) 8.31(−10) 1.04(−2) 4.42(−2) 5.83(−1) 4.16(−1) 1.34(−3) 7.93(+1) 4.01(+0)
O 5.78(−1) 1.22 3.66 5.19 13.20 5.96 4.12 3.59(−1) 8.31(−10) 1.04(−2) 4.42(−2) 5.83(−1) 4.16(−1) 1.34(−3) 7.93(+1) 4.01(+0)
Si 1.66(−3) 1.22 3.66 5.19 13.20 5.96 4.12 3.59(−1) 8.31(−10) 1.04(−2) 4.42(−2) 5.83(−1) 4.16(−1) 1.34(−3) 7.93(+1) 4.01(+0)
PSN 5.73(−4) 0.00 3.66 5.19 13.20 5.96 4.12 3.59(−1) 8.31(−10) 1.04(−2) 4.42(−2) 5.83(−1) 4.16(−1) 1.34(−3) 7.93(+1) 4.01(+0)
20
MS 1.06(+5) 0.00 4.64 4.63 20.00 0.00 0.00 1.48(+2) 5.86(−05) 2.61(−1) 1.45(−1) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 1.04(+7) 10.00 4.58 5.15 20.00 6.46 0.00 7.92(+1) 1.30(−05) 2.18(−1) 1.43(−1) 7.48(−1) 2.52(−1) 6.54(−6) 4.10(+0) 3.79(−1)
He 8.32(+5) 5.38 3.66 5.43 18.20 8.26 6.91 3.53(−1) 6.03(−10) 1.01(−2) 8.43(−2) 6.32(−1) 3.68(−1) 3.07(−5) 3.83(+1) 2.51(+0)
C 7.98(+2) 0.00 3.66 5.35 18.20 8.02 6.49 4.14(−1) 8.04(−10) 1.11(−2) 8.39(−2) 5.82(−1) 4.13(−1) 3.41(−3) 6.35(+1) 3.02(+0)
Ne 1.88(−1) 0.47 3.66 5.35 18.20 8.02 5.64 4.13(−1) 8.03(−10) 1.11(−2) 8.39(−2) 5.82(−1) 4.13(−1) 3.41(−3) 6.35(+1) 3.02(+0)
O 3.78(−1) 1.23 3.66 5.35 18.20 8.02 5.64 4.13(−1) 8.02(−10) 1.11(−2) 8.39(−2) 5.82(−1) 4.13(−1) 3.41(−3) 6.35(+1) 3.02(+0)
Si 1.22(−3) 1.15 3.66 5.35 18.20 8.02 5.64 4.13(−1) 8.02(−10) 1.11(−2) 8.39(−2) 5.82(−1) 4.13(−1) 3.41(−3) 6.35(+1) 3.02(+0)
PSN 9.96(−4) 0.00 3.66 5.35 18.20 8.02 5.64 4.13(−1) 8.01(−10) 1.11(−2) 8.39(−2) 5.82(−1) 4.13(−1) 3.41(−3) 6.35(+1) 3.02(+0)
25
MS 1.14(+6) 13.40 4.67 4.92 25.00 0.00 0.00 1.50(+2) 4.92(−05) 2.60(−1) 2.06(−1) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 8.07(+6) 13.40 4.61 5.35 25.00 8.71 0.00 8.99(+1) 1.33(−05) 2.33(−1) 2.05(−1) 7.42(−1) 2.58(−1) 6.31(−6) 3.97(+0) 3.60(−1)
Table 15 continued
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Table 15 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 6.62(+5) 7.36 3.65 5.64 22.90 10.10 8.69 2.80(−1) 3.72(−10) 8.09(−3) 1.25(−1) 6.00(−1) 3.97(−1) 2.52(−3) 1.03(+2) 3.33(+0)
C 3.69(+2) 0.00 3.66 5.55 22.90 10.50 8.38 3.56(−1) 5.44(−10) 9.62(−3) 1.24(−1) 5.84(−1) 4.10(−1) 4.53(−3) 9.62(+1) 2.98(+0)
Ne 1.65(−1) 0.47 3.66 5.55 22.90 10.50 8.37 3.57(−1) 5.45(−10) 9.63(−3) 1.24(−1) 5.84(−1) 4.10(−1) 4.53(−3) 9.62(+1) 2.98(+0)
O 2.06(−1) 1.31 3.66 5.55 22.90 10.60 8.37 3.57(−1) 5.45(−10) 9.63(−3) 1.24(−1) 5.84(−1) 4.10(−1) 4.53(−3) 9.62(+1) 2.98(+0)
Si 1.37(−3) 1.28 3.66 5.55 22.90 10.60 8.37 3.57(−1) 5.45(−10) 9.63(−3) 1.24(−1) 5.84(−1) 4.10(−1) 4.53(−3) 9.62(+1) 2.98(+0)
PSN 8.92(−4) 0.00 3.66 5.55 22.90 10.60 8.37 3.57(−1) 5.45(−10) 9.63(−3) 1.24(−1) 5.84(−1) 4.10(−1) 4.53(−3) 9.62(+1) 2.98(+0)
30
MS 5.23(+4) 0.00 4.70 5.05 30.00 0.00 0.00 1.49(+2) 4.71(−05) 2.40(−1) 2.83(−1) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 7.16(+6) 17.20 4.57 5.56 30.00 12.40 0.00 1.32(+2) 1.26(−05) 3.79(−1) 2.63(−1) 7.12(−1) 2.88(−1) 1.00(−5) 1.06(+1) 7.05(−1)
He 4.66(+5) 11.60 3.66 5.74 27.90 15.20 7.49 3.32(−1) 3.99(−10) 9.14(−3) 1.55(−1) 6.62(−1) 3.38(−1) 1.45(−5) 4.07(+1) 1.36(+0)
C 1.60(+2) 0.00 3.65 5.83 27.70 15.30 12.50 2.28(−1) 2.39(−10) 6.75(−3) 1.50(−1) 6.28(−1) 3.72(−1) 4.40(−4) 9.54(+0) 4.20(+0)
Ne 1.11(−1) 0.38 3.65 5.83 27.70 15.30 12.00 2.28(−1) 2.39(−10) 6.75(−3) 1.50(−1) 6.28(−1) 3.72(−1) 4.40(−4) 9.54(+0) 4.20(+0)
O 1.00(−1) 1.55 3.65 5.83 27.70 15.30 12.00 2.28(−1) 2.39(−10) 6.75(−3) 1.50(−1) 6.28(−1) 3.72(−1) 4.40(−4) 9.54(+0) 4.20(+0)
Si 7.12(−4) 1.16 3.65 5.83 27.70 15.30 12.00 2.28(−1) 2.39(−10) 6.75(−3) 1.50(−1) 6.28(−1) 3.72(−1) 4.40(−4) 9.54(+0) 4.20(+0)
PSN 5.11(−4) 0.00 3.65 5.83 27.70 15.30 12.00 2.28(−1) 2.39(−10) 6.75(−3) 1.50(−1) 6.28(−1) 3.72(−1) 4.40(−4) 9.54(+0) 4.20(+0)
40
MS 3.95(+4) 0.00 4.73 5.33 40.00 0.00 0.00 1.50(+2) 4.10(−05) 2.26(−1) 4.49(−1) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 5.62(+6) 24.80 4.48 5.79 40.00 18.70 0.00 1.15(+2) 5.61(−06) 3.99(−1) 4.12(−1) 7.23(−1) 2.77(−1) 1.04(−5) 1.40(+1) 7.35(−1)
He 4.05(+5) 19.50 5.19 5.99 24.60 24.00 5.33 1.97(−2) 2.03(−08) 1.97(−5) 6.12(−2) 5.46(−2) 9.45(−1) 1.02(−4) 1.02(+2) 3.19(+1)
C 4.30(+1) 0.00 5.11 6.10 24.60 24.20 19.30 1.19(−2) 7.43(−09) 1.53(−5) 6.12(−2) 5.43(−2) 9.46(−1) 1.12(−4) 6.16(+1) 3.55(+1)
Ne 6.98(−2) 0.00 5.10 6.11 24.60 24.20 19.30 1.17(−2) 7.13(−09) 1.52(−5) 6.12(−2) 5.43(−2) 9.46(−1) 1.12(−4) 5.98(+1) 3.55(+1)
O 3.33(−2) 1.82 5.11 6.10 24.60 24.20 19.30 1.19(−2) 7.39(−09) 1.53(−5) 6.11(−2) 5.43(−2) 9.46(−1) 1.12(−4) 5.95(+1) 3.55(+1)
Si 2.78(−4) 1.19 5.11 6.10 24.60 24.20 19.30 1.19(−2) 7.44(−09) 1.53(−5) 6.11(−2) 5.43(−2) 9.46(−1) 1.12(−4) 5.95(+1) 3.55(+1)
PSN 2.30(−3) 0.00 5.10 6.09 24.60 24.20 19.30 1.19(−2) 7.44(−09) 1.53(−5) 6.11(−2) 5.43(−2) 9.46(−1) 1.12(−4) 5.95(+1) 3.55(+1)
60
MS 3.16(+4) 0.00 4.78 5.68 60.00 0.00 0.00 1.51(+2) 3.33(−05) 2.07(−1) 8.54(−1) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 4.35(+6) 40.60 4.22 6.09 59.90 32.40 0.06 9.32(+1) 1.00(−06) 5.44(−1) 7.70(−1) 7.28(−1) 2.72(−1) 1.09(−5) 1.57(+1) 7.98(−1)
He 3.49(+5) 32.90 4.93 6.29 42.20 40.20 35.80 1.12(−2) 2.54(−09) 1.83(−5) 1.86(−1) 1.32(−1) 8.68(−1) 2.36(−5) 1.51(+2) 1.22(+2)
C 1.54(+1) 0.00 4.10 6.32 42.10 40.30 32.30 9.69(−5) 4.65(−13) 1.09(−6) 1.84(−1) 1.31(−1) 8.69(−1) 2.42(−5) 1.50(+2) 1.19(+2)
Ne 3.13(−2) 0.00 4.17 6.32 42.00 40.30 32.70 1.40(−4) 9.35(−13) 1.33(−6) 1.84(−1) 1.31(−1) 8.69(−1) 2.46(−5) 1.49(+2) 1.17(+2)
O 1.63(−2) 1.78 4.24 6.32 42.00 40.30 31.30 4.54(−1) 4.19(−09) 3.68(−3) 1.83(−1) 1.30(−1) 8.70(−1) 2.51(−5) 1.47(+2) 1.15(+2)
Si 2.22(−4) 1.03 4.27 6.32 41.90 40.30 31.30 5.68(−1) 5.95(−09) 4.32(−3) 1.83(−1) 1.30(−1) 8.70(−1) 2.54(−5) 1.45(+2) 1.14(+2)
PSN 1.13(−4) 0.00 4.29 6.32 41.90 40.30 31.30 6.48(−1) 7.37(−09) 4.74(−3) 1.83(−1) 1.30(−1) 8.70(−1) 2.55(−5) 1.45(+2) 1.13(+2)
Table 15 continued
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Table 15 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 2.82(+4) 0.00 4.80 5.91 80.00 0.00 0.00 1.49(+2) 2.86(−05) 1.91(−1) 1.34(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 3.59(+6) 58.20 4.10 6.24 79.90 43.00 0.00 6.72(+1) 3.38(−07) 5.02(−1) 1.22(+0) 7.28(−1) 2.72(−1) 1.22(−5) 1.50(+1) 1.02(+0)
He 3.19(+5) 43.30 4.95 6.42 54.50 52.10 0.00 2.20(−3) 4.59(−10) 3.30(−6) 2.66(−1) 1.15(−1) 8.85(−1) 2.35(−5) 1.49(+2) 1.33(+2)
C 1.39(+1) 0.00 4.12 6.45 53.90 52.20 41.30 3.56(−1) 1.57(−09) 3.68(−3) 2.61(−1) 1.12(−1) 8.88(−1) 2.82(−5) 1.22(+2) 1.06(+2)
Ne 1.84(−2) 0.00 4.00 6.45 53.80 52.20 42.40 1.91(−1) 4.97(−10) 2.58(−3) 2.60(−1) 1.11(−1) 8.89(−1) 3.55(−5) 1.11(+2) 8.75(+1)
O 8.11(−3) 0.99 4.09 6.45 53.70 52.20 42.20 2.75(−1) 1.06(−09) 3.04(−3) 2.59(−1) 1.10(−1) 8.90(−1) 4.23(−5) 1.08(+2) 7.89(+1)
PSN 7.61(−4) 0.00 4.13 6.45 53.70 52.20 42.20 3.27(−1) 1.50(−09) 3.32(−3) 2.59(−1) 1.10(−1) 8.90(−1) 4.23(−5) 1.08(+2) 7.89(+1)
PSN 7.61(−4) 0.00 4.13 6.45 53.70 52.20 42.20 3.27(−1) 1.50(−09) 3.32(−3) 2.59(−1) 1.10(−1) 8.90(−1) 4.23(−5) 1.08(+2) 7.89(+1)
120
MS 2.23(+4) 0.00 4.83 6.21 120.00 0.00 0.00 1.49(+2) 2.33(−05) 1.73(−1) 2.50(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 3.03(+6) 93.50 4.16 6.49 120.00 66.10 0.00 9.72(−1) 5.02(−09) 6.23(−3) 2.44(+0) 7.49(−1) 2.51(−1) 1.25(−5) 8.48(+0) 1.17(+0)
He 2.81(+5) 65.10 5.21 6.59 75.00 73.80 8.96 3.10(+1) 1.78(−05) 2.39(−2) 4.26(−1) 9.69(−3) 9.61(−1) 2.31(−2) 9.34(+1) 3.63(+0)
C 3.02(+1) 0.00 5.12 6.63 74.80 74.10 54.00 2.05(+1) 7.26(−06) 2.01(−2) 4.25(−1) 7.88(−4) 9.59(−1) 3.04(−2) 7.43(+1) 3.47(+0)
Ne 4.59(−2) 0.00 5.21 6.63 74.80 74.00 55.50 3.21(+1) 1.77(−05) 2.52(−2) 4.25(−1) 7.88(−4) 9.59(−1) 3.04(−2) 7.43(+1) 3.47(+0)
PSN 4.27(−2) 0.00 5.20 6.63 74.80 74.00 55.50 3.05(+1) 1.60(−05) 2.45(−2) 4.25(−1) 7.88(−4) 9.59(−1) 3.04(−2) 7.43(+1) 3.47(+0)
PSN 4.27(−2) 0.00 5.20 6.63 74.80 74.00 55.50 3.05(+1) 1.60(−05) 2.45(−2) 4.25(−1) 7.88(−4) 9.59(−1) 3.04(−2) 7.43(+1) 3.47(+0)
PSN 4.27(−2) 0.00 5.20 6.63 74.80 74.00 55.50 3.05(+1) 1.60(−05) 2.45(−2) 4.25(−1) 7.88(−4) 9.59(−1) 3.04(−2) 7.43(+1) 3.47(+0)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
T
h
e
e
v
o
l
u
t
io
n
o
f
r
o
t
a
t
in
g
m
a
s
s
iv
e
s
t
a
r
s
a
t
v
a
r
io
u
s
m
e
t
a
l
l
ic
it
ie
s
7
9
Table 16. Main evolutionary properties of the models with v=300 km/s and metallicity [Fe/H]=-3
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
13
MS 1.45(+5) 0.00 4.56 4.11 13.00 0.00 0.00 3.00(+2) 1.50(−04) 5.49(−1) 1.36(−1) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 1.99(+7) 5.57 4.51 4.71 13.00 3.53 0.00 1.83(+2) 3.57(−05) 5.41(−1) 1.35(−1) 7.33(−1) 2.67(−1) 9.95(−6) 1.62(+1) 6.78(−1)
He 1.67(+6) 3.02 3.65 5.25 12.80 5.09 4.09 7.62(−1) 1.58(−09) 2.36(−2) 1.07(−1) 6.05(−1) 3.91(−1) 3.16(−3) 1.16(+2) 4.95(+0)
C 1.41(+3) 0.26 3.66 5.10 12.80 5.09 3.82 1.08(+0) 2.79(−09) 2.99(−2) 1.07(−1) 5.85(−1) 4.05(−1) 7.52(−3) 1.05(+2) 4.37(+0)
Ne 3.49(−1) 0.70 3.66 5.09 12.80 5.09 3.82 1.08(+0) 2.81(−09) 3.00(−2) 1.07(−1) 5.85(−1) 4.05(−1) 7.52(−3) 1.05(+2) 4.37(+0)
O 8.56(−1) 1.14 3.66 5.09 12.80 5.12 3.81 1.08(+0) 2.81(−09) 3.00(−2) 1.07(−1) 5.85(−1) 4.05(−1) 7.52(−3) 1.05(+2) 4.37(+0)
Si 1.35(−2) 1.17 3.66 5.09 12.80 5.14 3.81 1.08(+0) 2.81(−09) 3.00(−2) 1.07(−1) 5.85(−1) 4.05(−1) 7.52(−3) 1.05(+2) 4.37(+0)
PSN 1.80(−3) 0.00 3.66 5.09 12.80 5.14 3.81 1.08(+0) 2.81(−09) 3.00(−2) 1.07(−1) 5.85(−1) 4.05(−1) 7.52(−3) 1.05(+2) 4.37(+0)
15
MS 1.10(+6) 6.71 4.58 4.31 15.00 0.00 0.00 2.92(+2) 1.24(−04) 5.42(−1) 1.64(−1) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 1.61(+7) 6.78 4.53 4.87 15.00 4.37 0.00 2.39(+2) 4.18(−05) 6.63(−1) 1.65(−1) 7.22(−1) 2.78(−1) 9.44(−6) 1.28(+1) 6.23(−1)
He 1.37(+6) 3.68 3.65 5.36 13.80 6.01 4.79 4.63(−1) 8.49(−10) 1.47(−2) 8.47(−2) 5.68(−1) 4.24(−1) 6.13(−3) 1.13(+2) 4.20(+0)
C 1.03(+3) 0.02 3.66 5.20 13.80 6.11 4.63 6.92(−1) 1.59(−09) 1.96(−2) 8.44(−2) 5.68(−1) 4.24(−1) 6.13(−3) 1.13(+2) 4.20(+0)
Ne 2.69(−1) 0.63 3.66 5.20 13.80 6.10 4.61 6.94(−1) 1.59(−09) 1.97(−2) 8.44(−2) 5.68(−1) 4.24(−1) 6.13(−3) 1.13(+2) 4.20(+0)
O 5.30(−1) 2.61 3.66 5.20 13.80 6.10 4.60 6.94(−1) 1.59(−09) 1.97(−2) 8.44(−2) 5.68(−1) 4.24(−1) 6.13(−3) 1.13(+2) 4.20(+0)
Si 1.46(−3) 1.35 3.66 5.20 13.80 6.09 4.16 6.94(−1) 1.59(−09) 1.97(−2) 8.43(−2) 5.68(−1) 4.24(−1) 6.13(−3) 1.13(+2) 4.20(+0)
PSN 5.05(−4) 0.00 3.66 5.19 13.80 6.09 4.16 6.94(−1) 1.60(−09) 1.97(−2) 8.43(−2) 5.68(−1) 4.24(−1) 6.13(−3) 1.13(+2) 4.20(+0)
20
MS 1.06(+5) 0.00 4.63 4.61 20.00 0.00 0.00 2.93(+2) 1.11(−04) 5.04(−1) 2.83(−1) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 1.09(+7) 9.91 4.59 5.13 20.00 6.16 0.00 2.56(+2) 4.34(−05) 6.31(−1) 2.78(−1) 7.03(−1) 2.97(−1) 1.21(−5) 3.36(+1) 9.58(−1)
He 1.06(+6) 5.05 4.32 5.31 20.00 7.89 6.50 3.61(+1) 1.49(−06) 1.99(−1) 2.61(−1) 5.79(−1) 4.21(−1) 2.19(−5) 7.55(+1) 3.78(+0)
C 6.69(+2) 0.00 4.06 5.29 20.00 7.89 6.20 1.14(+1) 1.49(−07) 1.12(−1) 2.61(−1) 5.78(−1) 4.22(−1) 2.22(−5) 7.59(+1) 3.90(+0)
Ne 2.16(−1) 0.50 4.06 5.29 20.00 7.89 6.20 1.14(+1) 1.49(−07) 1.12(−1) 2.61(−1) 5.78(−1) 4.22(−1) 2.22(−5) 7.59(+1) 3.90(+0)
O 4.62(−1) 1.25 4.06 5.29 20.00 7.89 6.20 1.14(+1) 1.49(−07) 1.12(−1) 2.61(−1) 5.78(−1) 4.22(−1) 2.22(−5) 7.59(+1) 3.90(+0)
Si 1.08(−3) 1.09 4.06 5.29 20.00 7.89 5.59 1.14(+1) 1.49(−07) 1.12(−1) 2.61(−1) 5.78(−1) 4.22(−1) 2.22(−5) 7.59(+1) 3.90(+0)
PSN 1.28(−3) 0.00 4.06 5.29 20.00 7.89 5.29 1.14(+1) 1.49(−07) 1.12(−1) 2.61(−1) 5.78(−1) 4.22(−1) 2.22(−5) 7.59(+1) 3.90(+0)
25
MS 7.77(+4) 0.00 4.66 4.85 25.00 0.00 0.00 2.95(+2) 9.88(−05) 4.85(−1) 4.12(−1) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 8.95(+6) 13.30 4.53 5.42 25.00 9.78 0.00 2.12(+2) 2.04(−05) 6.22(−1) 4.05(−1) 6.87(−1) 3.13(−1) 1.28(−5) 6.33(+1) 1.06(+0)
Table 16 continued
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Table 16 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
He 5.52(+5) 9.27 3.88 5.61 13.50 13.00 11.00 3.48(−2) 1.33(−10) 7.73(−4) 3.20(−2) 4.68(−1) 5.32(−1) 1.35(−4) 1.50(+2) 3.31(+1)
C 2.14(+2) 0.00 4.40 5.71 13.30 13.00 10.50 6.83(−1) 2.60(−08) 4.85(−3) 3.14(−2) 2.57(−1) 7.32(−1) 1.00(−2) 1.41(+2) 9.98(+0)
Ne 1.37(−1) 0.46 4.39 5.71 13.30 13.00 10.50 6.51(−1) 2.36(−08) 4.73(−3) 3.14(−2) 2.57(−1) 7.32(−1) 1.00(−2) 1.41(+2) 9.98(+0)
O 1.42(−1) 1.40 4.39 5.71 13.30 13.00 10.50 6.42(−1) 2.29(−08) 4.70(−3) 3.14(−2) 2.57(−1) 7.32(−1) 1.00(−2) 1.41(+2) 9.98(+0)
Si 7.34(−4) 1.19 4.39 5.71 13.30 13.00 10.50 6.54(−1) 2.37(−08) 4.75(−3) 3.14(−2) 2.57(−1) 7.32(−1) 1.00(−2) 1.41(+2) 9.98(+0)
PSN 6.55(−4) 0.00 4.39 5.72 13.30 13.00 10.50 6.54(−1) 2.37(−08) 4.75(−3) 3.14(−2) 2.56(−1) 7.33(−1) 1.01(−2) 1.41(+2) 9.95(+0)
30
MS 6.15(+4) 0.00 4.69 5.04 30.00 0.00 0.00 2.95(+2) 8.96(−05) 4.67(−1) 5.56(−1) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 7.43(+6) 17.00 4.52 5.57 30.00 12.70 0.00 1.90(+2) 1.42(−05) 5.85(−1) 5.46(−1) 6.95(−1) 3.05(−1) 1.27(−5) 6.50(+1) 1.04(+0)
He 4.89(+5) 12.80 5.13 5.79 17.10 16.70 14.20 2.05(+0) 2.03(−06) 2.51(−3) 4.88(−2) 1.03(−1) 8.68(−1) 2.45(−2) 1.11(+2) 5.88(+0)
C 1.01(+2) 0.00 5.06 5.92 17.10 16.90 13.80 1.28(+0) 7.89(−07) 1.98(−3) 4.88(−2) 2.82(−2) 9.23(−1) 4.21(−2) 6.50(+1) 7.25(+0)
Ne 9.83(−2) 0.17 5.05 5.92 17.10 16.90 13.70 1.22(+0) 7.26(−07) 1.94(−3) 4.88(−2) 2.82(−2) 9.23(−1) 4.21(−2) 6.49(+1) 7.26(+0)
O 7.52(−2) 1.68 5.05 5.92 17.10 16.90 13.10 1.25(+0) 7.62(−07) 1.96(−3) 4.88(−2) 2.81(−2) 9.23(−1) 4.21(−2) 6.48(+1) 7.26(+0)
Si 6.18(−4) 1.22 5.06 5.92 17.10 16.90 13.10 1.26(+0) 7.70(−07) 1.97(−3) 4.88(−2) 2.81(−2) 9.23(−1) 4.21(−2) 6.48(+1) 7.26(+0)
PSN 5.36(−4) 0.00 5.05 5.92 17.10 16.90 13.10 1.25(+0) 7.57(−07) 1.96(−3) 4.88(−2) 2.81(−2) 9.23(−1) 4.21(−2) 6.48(+1) 7.26(+0)
40
MS 3.95(+4) 0.00 4.73 5.32 40.00 0.00 0.00 3.00(+2) 8.00(−05) 4.41(−1) 8.85(−1) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 5.74(+6) 24.40 4.42 5.79 40.00 18.80 0.00 1.73(+2) 6.30(−06) 6.45(−1) 8.70(−1) 7.18(−1) 2.82(−1) 1.21(−5) 6.15(+1) 9.42(−1)
He 4.11(+5) 19.60 5.24 5.97 24.50 0.00 21.00 4.01(−2) 5.39(−08) 3.52(−5) 8.49(−2) 3.94(−9) 8.58(−1) 6.00(−2) 1.50(+0) 1.65(+0)
C 3.93(+1) 0.00 5.36 6.08 24.50 0.00 19.50 6.24(−2) 1.31(−07) 4.40(−5) 8.49(−2) 0.00(+0) 8.50(−1) 5.87(−2) 1.28(+0) 1.46(+0)
Ne 7.39(−2) 0.00 5.37 6.08 24.50 0.00 19.10 6.34(−2) 1.35(−07) 4.43(−5) 8.49(−2) 0.00(+0) 8.50(−1) 5.87(−2) 1.28(+0) 1.46(+0)
O 3.51(−2) 1.88 5.35 6.07 24.50 0.00 19.10 6.08(−2) 1.24(−07) 4.34(−5) 8.49(−2) 0.00(+0) 8.50(−1) 5.87(−2) 1.28(+0) 1.46(+0)
Si 2.89(−4) 1.20 5.35 6.07 24.50 0.00 19.10 6.03(−2) 1.22(−07) 4.32(−5) 8.49(−2) 0.00(+0) 8.50(−1) 5.87(−2) 1.28(+0) 1.46(+0)
PSN 1.56(−3) 0.00 5.33 6.05 24.50 0.00 19.10 5.45(−2) 9.94(−08) 4.11(−5) 8.49(−2) 0.00(+0) 8.50(−1) 5.87(−2) 1.28(+0) 1.46(+0)
60
MS 3.16(+4) 0.00 4.77 5.67 60.00 0.00 0.00 3.07(+2) 6.53(−05) 4.15(−1) 1.69(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 4.28(+6) 40.30 4.34 6.06 59.90 30.60 0.00 1.24(+2) 2.36(−06) 5.46(−1) 1.66(+0) 7.09(−1) 2.91(−1) 1.33(−5) 7.32(+1) 1.14(+0)
He 3.48(+5) 31.30 5.23 6.24 38.20 37.60 32.80 3.23(−2) 3.07(−08) 2.70(−5) 1.87(−1) 1.18(−2) 9.33(−1) 4.07(−2) 8.92(+1) 2.93(+0)
C 1.85(+1) 0.00 5.33 6.32 38.10 0.00 30.10 4.32(−2) 5.84(−08) 3.04(−5) 1.87(−1) 0.00(+0) 9.37(−1) 4.60(−2) 5.86(+1) 2.99(+0)
Ne 4.20(−2) 0.00 5.33 6.33 38.10 0.00 30.10 4.35(−2) 5.90(−08) 3.05(−5) 1.87(−1) 0.00(+0) 9.37(−1) 4.60(−2) 5.86(+1) 2.99(+0)
O 1.84(−2) 1.80 5.33 6.32 38.10 0.00 30.10 4.33(−2) 5.86(−08) 3.04(−5) 1.87(−1) 0.00(+0) 9.37(−1) 4.60(−2) 5.86(+1) 2.99(+0)
Si 2.14(−4) 1.15 5.33 6.32 38.10 0.00 29.40 4.32(−2) 5.81(−08) 3.04(−5) 1.87(−1) 0.00(+0) 9.37(−1) 4.60(−2) 5.86(+1) 2.99(+0)
PSN 2.90(−4) 0.00 5.32 6.31 38.10 0.00 29.40 4.23(−2) 5.58(−08) 3.01(−5) 1.87(−1) 0.00(+0) 9.37(−1) 4.60(−2) 5.86(+1) 2.99(+0)
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Table 16 (continued)
Phase Time MCC Log(Teff ) Log(L/L⊙) M MHe
* MCO vequa ωsup ω/ωcrit Jtot Hsup Hesup Nsup N/C N/O
(yr) (M⊙) (K) (M⊙) (M⊙) (M⊙) (km/s) (s
−1) 1053 mass mass mass number number
g cm2 s−1 fraction fraction fraction ratio ratio
80
MS 3.09(+4) 0.00 4.80 5.90 80.00 0.00 0.00 2.95(+2) 5.49(−05) 3.73(−1) 2.65(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 3.71(+6) 57.30 5.04 6.30 55.90 46.60 0.00 9.03(+1) 3.34(−05) 9.99(−2) 3.89(−1) 8.37(−2) 9.16(−1) 2.33(−5) 1.12(+2) 1.50(+2)
He 3.10(+5) 45.30 5.25 6.41 52.80 0.00 2.06 1.05(+2) 8.86(−05) 7.95(−2) 3.36(−1) 0.00(+0) 6.93(−1) 4.06(−2) 2.79(−1) 3.52(−1)
C 1.68(+1) 0.00 5.28 6.49 52.80 0.00 41.80 1.11(+2) 9.87(−05) 8.21(−2) 3.36(−1) 0.00(+0) 6.74(−1) 3.86(−2) 2.49(−1) 3.04(−1)
Ne 2.31(−2) 0.00 5.19 6.51 52.80 0.00 43.00 7.28(+1) 4.20(−05) 6.65(−2) 3.36(−1) 0.00(+0) 6.74(−1) 3.86(−2) 2.49(−1) 3.04(−1)
PSN 1.82(−3) 0.00 4.20 6.52 52.80 0.00 44.40 6.58(−1) 3.96(−09) 5.89(−3) 3.36(−1) 0.00(+0) 6.74(−1) 3.86(−2) 2.49(−1) 3.04(−1)
PSN 1.82(−3) 0.00 4.20 6.52 52.80 0.00 44.40 6.58(−1) 3.96(−09) 5.89(−3) 3.36(−1) 0.00(+0) 6.74(−1) 3.86(−2) 2.49(−1) 3.04(−1)
PSN 1.82(−3) 0.00 4.20 6.52 52.80 0.00 44.40 6.58(−1) 3.96(−09) 5.89(−3) 3.36(−1) 0.00(+0) 6.74(−1) 3.86(−2) 2.49(−1) 3.04(−1)
120
MS 2.32(+4) 0.00 4.83 6.20 120.00 0.00 0.00 2.95(+2) 4.50(−05) 3.39(−1) 4.95(+0) 7.60(−1) 2.40(−1) 6.95(−7) 1.59(−1) 3.40(−2)
H 3.11(+6) 92.40 5.03 6.53 87.40 70.90 0.00 6.67(+1) 1.76(−05) 7.00(−2) 1.05(+0) 1.31(−1) 8.69(−1) 2.33(−5) 1.07(+2) 1.65(+2)
PSN 2.46(+5) 0.00 5.08 6.63 82.80 80.70 0.00 1.29(+2) 3.84(−05) 1.31(−1) 9.73(−1) 3.06(−2) 9.21(−1) 3.45(−2) 1.07(+2) 2.53(+0)
PSN 2.46(+5) 0.00 5.08 6.63 82.80 80.70 0.00 1.29(+2) 3.84(−05) 1.31(−1) 9.73(−1) 3.06(−2) 9.21(−1) 3.45(−2) 1.07(+2) 2.53(+0)
PSN 2.46(+5) 0.00 5.08 6.63 82.80 80.70 0.00 1.29(+2) 3.84(−05) 1.31(−1) 9.73(−1) 3.06(−2) 9.21(−1) 3.45(−2) 1.07(+2) 2.53(+0)
PSN 2.46(+5) 0.00 5.08 6.63 82.80 80.70 0.00 1.29(+2) 3.84(−05) 1.31(−1) 9.73(−1) 3.06(−2) 9.21(−1) 3.45(−2) 1.07(+2) 2.53(+0)
PSN 2.46(+5) 0.00 5.08 6.63 82.80 80.70 0.00 1.29(+2) 3.84(−05) 1.31(−1) 9.73(−1) 3.06(−2) 9.21(−1) 3.45(−2) 1.07(+2) 2.53(+0)
PSN 2.46(+5) 0.00 5.08 6.63 82.80 80.70 0.00 1.29(+2) 3.84(−05) 1.31(−1) 9.73(−1) 3.06(−2) 9.21(−1) 3.45(−2) 1.07(+2) 2.53(+0)
∗MHe = 0 means that the star has lost the whole H rich envelope and has become a bare He core
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Table 17. Wolf-Rayet Lifetimes of the models with v=0 km/s and metallicity [Fe/H]=0
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13
15 8.31(+4)
20 6.44(+6) 7.79(+4) 7.79(+4) He(0.05)
25 5.94(+6) 2.89(+5) 1.51(+5) He(0.45) 1.39(+5) He(0.14)
30 5.14(+6) 3.07(+5) 2.07(+5) He(0.57) 1.00(+5) He(0.11)
40 4.24(+6) 3.03(+5) 1.75(+5) He(0.73) 1.28(+5) He(0.20)
60 3.20(+6) 3.52(+5) 7.69(+4) He(0.96) 1.56(+5) He(0.67) 1.67(+4) He(0.20) 1.03(+5) He(0.16)
80 2.63(+6) 3.71(+5) 9.27(+4) H (0.01) 1.01(+5) He(0.78) 1.61(+4) He(0.40) 1.61(+5) He(0.34)
120 2.17(+6) 5.46(+5) 2.65(+5) H (0.09) 6.63(+4) He(0.86) 8.40(+3) He(0.58) 2.06(+5) He(0.55)
Table 18. Wolf-Rayet Lifetimes of the models with v=150 km/s and metallicity [Fe/H]=0
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13 3.59(+5) 3.42(+5) He(0.15) 1.71(+4)
15 1.72(+4) 3.12(+5) 3.09(+5) He(0.14) 8.80(+2) 2.99(+3)
20 7.89(+6) 5.45(+5) 3.86(+5) He(0.64) 2.89(+4) He(0.13) 1.30(+5) He(0.09)
25 7.51(+6) 4.89(+5) 2.71(+5) He(0.71) 1.48(+4) He(0.24) 2.03(+5) He(0.22)
30 6.74(+6) 4.49(+5) 2.32(+5) He(0.76) 1.14(+4) He(0.29) 2.05(+5) He(0.27)
40 5.46(+6) 4.62(+5) 2.30(+5) He(0.94) 7.63(+3) He(0.37) 2.24(+5) He(0.36)
60 4.06(+6) 3.79(+5) 1.12(+5) He(0.95) 9.06(+3) He(0.57) 2.58(+5) He(0.55)
80 3.40(+6) 3.41(+5) 7.92(+4) He(0.94) 9.07(+3) He(0.64) 2.53(+5) He(0.61)
120 2.63(+6) 5.16(+5) 2.25(+5) H (0.06) 1.60(+4) He(0.84) 2.26(+4) He(0.77) 2.52(+5) He(0.68)
Table 19. Wolf-Rayet Lifetimes of the models with v=300 km/s and metallicity [Fe/H]=0
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13 5.23(+5) 4.40(+5) He(0.31) 8.29(+4) He(0.02)
15 1.14(+4) 3.68(+5) 2.93(+5) He(0.20) 7.45(+4) He(0.02)
20 6.81(+6) 2.85(+5) 1.51(+5) He(0.25) 1.34(+5) He(0.09)
25 8.92(+6) 5.29(+5) 2.19(+5) He(0.78) 2.41(+4) He(0.39) 2.86(+5) He(0.34)
30 7.79(+6) 5.29(+5) 2.57(+5) He(0.92) 1.31(+4) He(0.38) 2.59(+5) He(0.36)
40 6.04(+6) 4.65(+5) 1.60(+5) He(0.96) 1.08(+4) He(0.54) 2.95(+5) He(0.51)
60 4.17(+6) 1.01(+6) 6.88(+5) H (0.12) 4.19(+3) He(0.72) 5.05(+4) He(0.71) 2.64(+5) He(0.55)
80 3.33(+6) 1.09(+6) 7.74(+5) H (0.15) 1.98(+4) He(0.74) 4.39(+4) He(0.67) 2.50(+5) He(0.53)
120 2.48(+6) 1.16(+6) 8.51(+5) H (0.22) 1.48(+4) He(0.73) 3.95(+4) He(0.68) 2.50(+5) He(0.55)
84 Limongi,Chieffi
Table 20. Wolf-Rayet Lifetimes of the models with v=0 km/s and metallicity [Fe/H]=-1
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13 3.66(+6)
15 8.95(+6)
20 8.25(+6)
25 6.96(+6)
30 6.09(+6)
40 4.99(+6)
60 3.82(+6)
80 3.20(+6) 2.80(+5) 2.80(+5) He(0.96)
120 2.59(+6) 2.65(+5) 1.43(+5) He(0.98) 7.03(+4) He(0.31) 1.91(+3) He(0.10) 4.96(+4) He(0.09)
Table 21. Wolf-Rayet Lifetimes of the models with v=150 km/s and metallicity [Fe/H]=-1
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13 6.31(+5)
15 1.03(+7)
20 9.75(+6)
25 8.10(+6)
30 6.89(+6)
40 5.62(+6) 3.72(+4) 3.72(+4) He(0.04)
60 4.19(+6) 3.42(+5) 1.07(+5) He(0.98) 2.81(+3) He(0.57) 2.32(+5) He(0.56)
80 3.42(+6) 3.15(+5) 9.55(+4) He(0.99) 5.91(+2) He(0.60) 2.19(+5) He(0.60)
120 2.57(+6) 5.90(+5) 3.54(+5) H (0.12) 2.01(+4) He(0.75) 2.06(+4) He(0.66) 1.96(+5) He(0.57)
Table 22. Wolf-Rayet Lifetimes of the models with v=300 km/s and metallicity [Fe/H]=-1
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13 3.46(+4)
15 7.19(+6)
20 9.78(+6)
25 8.95(+6)
30 7.63(+6) 4.33(+4) 4.03(+4) He(0.04) 2.97(+3)
40 5.85(+6) 1.25(+5) 6.64(+4) He(0.19) 2.60(+4) He(0.07) 3.25(+4) He(0.03)
60 4.35(+6) 3.47(+5) 9.87(+4) He(0.98) 3.85(+3) He(0.61) 2.45(+5) He(0.60)
80 3.27(+6) 4.78(+5) 2.35(+5) H (0.05) 3.01(+3) He(0.66) 2.40(+5) He(0.65)
120 2.56(+6) 6.38(+5) 4.02(+5) H (0.13) 7.20(+3) He(0.71) 2.29(+5) He(0.68)
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Table 23. Wolf-Rayet Lifetimes of the models with v=0 km/s and metallicity [Fe/H]=-2
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13 1.33(+7)
15 1.21(+7)
20 9.37(+6)
25 7.40(+6)
30 6.25(+6)
40 4.99(+6)
60 3.90(+6)
80 3.37(+6)
120 2.87(+6)
Table 24. Wolf-Rayet Lifetimes of the models with v=150 km/s and metallicity [Fe/H]=-2
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13 1.52(+7)
15 1.38(+7)
20 1.06(+7)
25 8.12(+6)
30 7.12(+6)
40 5.51(+6) 4.05(+5) 3.60(+5) He(0.97) 4.19(+4) He(0.05) 3.22(+3)
60 4.08(+6) 3.40(+5) 2.98(+5) He(0.99) 1.77(+4) He(0.06) 2.38(+4) He(0.03)
80 3.45(+6) 3.15(+5) 2.62(+5) He(0.99) 1.08(+4) He(0.09) 4.20(+4) He(0.07)
120 2.92(+6) 3.09(+5) 2.19(+5) H (0.00) 4.64(+3) He(0.18) 8.57(+4) He(0.17)
Table 25. Wolf-Rayet Lifetimes of the models with v=300 km/s and metallicity [Fe/H]=-2
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13 1.32(+7)
15 1.36(+7)
20 1.11(+7)
25 8.93(+6) 3.04(+5) 3.04(+5) He(0.33) 8.12(+2) 3.18(-3)
30 7.11(+6) 4.86(+5) 3.42(+5) He(0.97) 5.02(+4) He(0.18) 9.42(+4) He(0.10)
40 5.48(+6) 3.21(+5) 2.45(+5) He(0.71) 7.67(+4) He(0.10)
60 4.14(+6) 3.38(+5) 2.16(+5) He(0.99) 3.62(+4) He(0.24) 8.64(+4) He(0.14)
80 3.48(+6) 3.54(+5) 2.03(+5) H (0.01) 1.20(+4) He(0.35) 1.39(+5) He(0.31)
120 2.90(+6) 4.90(+5) 3.02(+5) H (0.07) 5.54(+3) He(0.46) 1.82(+5) He(0.44)
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Table 26. Wolf-Rayet Lifetimes of the models with v=0 km/s and metallicity [Fe/H]=-3
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13 1.53(+7)
15 1.32(+7)
20 9.30(+6)
25 7.35(+6)
30 6.34(+6)
40 5.28(+6)
60 4.08(+6)
80 3.49(+6)
120 2.84(+6)
Table 27. Wolf-Rayet Lifetimes of the models with v=150 km/s and metallicity [Fe/H]=-3
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13 1.78(+7)
15 1.53(+7)
20 1.04(+7)
25 8.04(+6)
30 7.21(+6)
40 5.50(+6) 4.03(+5) 4.03(+5) He(0.97)
60 4.14(+6) 3.52(+5) 3.52(+5) He(0.99)
80 3.41(+6) 3.24(+5) 3.24(+5) He(0.99)
120 2.88(+6) 2.81(+5) 2.81(+5) He(0.96)
Table 28. Wolf-Rayet Lifetimes of the models with v=300 km/s and metallicity [Fe/H]=-3
Initial Mass tO tWR tWNL Hc/Hec (WNL) tWNE Hc/Hec (WNE) tWNC Hc/Hec (WNC) tWC Hc/Hec (WC)
(M⊙) (yr) (yr) (yr) mass fraction (yr) mass fraction (yr) mass fraction (yr) mass fraction
13 1.68(+7)
15 1.56(+7)
20 1.08(+7)
25 8.87(+6) 3.07(+2) 3.07(+2)
30 7.30(+6) 2.26(+5) 2.26(+5) He(0.35)
40 5.32(+6) 4.09(+5) 3.95(+5) He(0.97) 1.37(+4) He(0.01)
60 4.00(+6) 3.47(+5) 3.46(+5) He(0.97) 1.27(+3)
80 3.40(+6) 3.77(+5) 3.41(+5) H (0.02) 3.57(+4) He(0.05)
120 2.78(+6) 3.97(+5) 3.97(+5) H (0.06)
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Table 29. Properties of the presupernova models
Initial Mass H He MFe Ebind ξ2.5 JFe JCO JHe J1.5 J2.0 SN Type
(M⊙) (M⊙) (M⊙) (M⊙) (10
51 erg) (1051 erg s) (1051 erg s) (1051 erg s) (1051 erg s) (1051 erg s)
[Fe/H]=0 v=0 km/s
13 5.37 4.31 1.36 0.65 0.02 0.000 0.000 0.000 0.000 0.000 SNIIP
15 5.67 4.63 1.43 0.95 0.12 0.000 0.000 0.000 0.000 0.000 SNIIP
20 0.06 3.39 1.10 2.00 0.14 0.000 0.000 0.000 0.000 0.000 SNIb
25 0.00 2.26 1.38 2.24 0.15 0.000 0.000 0.000 0.000 0.000 SNIb
30 0.00 2.74 1.57 4.75 0.38 0.000 0.000 0.000 0.000 0.000 SNIb
40 0.00 2.49 1.53 6.17 0.37 0.000 0.000 0.000 0.000 0.000 SNIb
60 0.00 0.93 1.52 9.28 0.44 0.000 0.000 0.000 0.000 0.000 SNIb
80 0.00 1.10 1.66 15.80 0.48 0.000 0.000 0.000 0.000 0.000 SNIb
120 0.00 1.05 1.91 22.61 0.51 0.000 0.000 0.000 0.000 0.000 SNIb
[Fe/H]=0 v=150 km/s
13 0.00 0.86 1.63 1.70 0.26 0.053 0.216 0.511 0.042 0.067 SNIb
15 0.00 1.03 2.80 1.26 0.40 0.151 0.336 0.740 0.018 0.043 SNIb
20 0.00 0.59 1.85 3.30 0.37 0.057 0.503 1.087 0.040 0.066 SNIb
25 0.00 0.58 2.04 3.46 0.32 0.064 0.630 1.440 0.024 0.059 SNIb
30 0.00 0.57 1.61 3.98 0.24 0.046 0.894 1.968 0.040 0.064 SNIb
40 0.00 0.57 1.86 5.81 0.37 0.056 1.317 2.639 0.036 0.066 SNIb
60 0.00 0.51 1.92 11.73 0.51 0.055 2.479 4.578 0.037 0.058 SNIb
80 0.00 0.48 2.06 18.94 0.55 0.059 4.018 6.825 0.034 0.055 SNIb
120 0.00 0.75 1.93 21.52 0.51 0.025 1.952 3.416 0.016 0.026 SNIb
[Fe/H]=0 v=300 km/s
13 0.00 0.65 1.63 1.89 0.25 0.054 0.276 0.648 0.046 0.069 SNIb
15 0.00 0.61 2.77 1.36 0.42 0.154 0.409 0.914 0.020 0.048 SNIb
20 0.00 0.50 1.94 3.65 0.41 0.082 0.736 1.629 0.052 0.087 SNIb
25 0.00 0.50 1.94 3.57 0.31 0.081 0.838 1.883 0.040 0.086 SNIb
30 0.00 0.51 1.65 4.05 0.24 0.055 1.037 2.272 0.045 0.076 SNIb
40 0.00 0.51 1.91 5.95 0.40 0.070 1.505 3.170 0.043 0.077 SNIb
60 0.00 0.64 1.76 9.08 0.47 0.031 1.239 2.350 0.025 0.039 SNIb
80 0.00 0.73 1.77 9.74 0.46 0.025 1.051 2.007 0.020 0.030 SNIb
120 0.00 0.73 1.72 11.44 0.47 0.026 1.246 2.351 0.021 0.032 SNIb
[Fe/H]=-1 v=0 km/s
13 5.83 4.44 1.19 1.08 0.03 0.000 0.000 0.000 0.000 0.000 SNIIP
15 6.34 4.54 1.40 1.33 0.17 0.000 0.000 0.000 0.000 0.000 SNIIP
20 7.47 6.50 1.43 1.79 0.17 0.000 0.000 0.000 0.000 0.000 SNIIP
25 6.96 6.62 1.59 4.02 0.36 0.000 0.000 0.000 0.000 0.000 SNIIP
30 10.21 10.46 1.57 4.45 0.35 0.000 0.000 0.000 0.000 0.000 SNIIP
40 6.00 11.31 1.55 6.59 0.37 0.000 0.000 0.000 0.000 0.000 SNIIP
60 6.93 14.78 1.68 17.97 0.49 0.000 0.000 0.000 0.000 0.000 SNIIP
80 0.06 8.18 2.18 37.91 0.54 0.000 0.000 0.000 0.000 0.000 SNIb
[Fe/H]=-1 v=150 km/s
13 3.66 3.41 1.59 1.71 0.22 0.049 0.237 0.502 0.043 0.064 SNIIP
15 3.72 3.79 1.66 2.22 0.27 0.059 0.333 0.717 0.046 0.072 SNIIP
20 2.36 3.78 1.87 3.40 0.34 0.076 0.646 1.328 0.048 0.080 SNIIP
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Table 29 (continued)
Initial Mass H He MFe Ebind ξ2.5 JFe JCO JHe J1.5 J2.0 SN Type
(M⊙) (M⊙) (M⊙) (M⊙) (10
51 erg) (1051 erg s) (1051 erg s) (1051 erg s) (1051 erg s) (1051 erg s)
25 2.57 3.98 1.88 3.87 0.33 0.070 0.876 1.444 0.044 0.080 SNIIP
30 6.56 7.70 2.00 6.58 0.55 0.077 1.356 2.702 0.047 0.077 SNIIP
40 0.00 1.74 1.99 14.42 0.53 0.056 2.792 5.046 0.035 0.056 SNIb
60 0.00 0.69 2.18 19.52 0.53 0.054 3.693 6.348 0.029 0.046 SNIb
80 0.00 0.78 2.32 39.73 0.55 0.063 7.356 11.954 0.031 0.049 SNIb
[Fe/H]=-1 v=300 km/s
13 2.92 2.81 1.90 1.67 0.28 0.093 0.369 0.583 0.055 0.098 SNIIP
15 2.55 2.82 1.99 1.84 0.28 0.103 0.474 0.697 0.056 0.105 SNIIP
20 4.53 4.99 1.93 3.33 0.39 0.094 0.675 1.022 0.055 0.097 SNIIP
25 3.61 3.64 1.92 5.17 0.42 0.077 1.272 2.192 0.047 0.084 SNIIP
30 0.00 1.16 2.05 8.58 0.57 0.081 2.088 4.384 0.049 0.077 SNIb
40 0.00 0.58 2.01 13.78 0.55 0.069 3.331 6.102 0.043 0.068 SNIb
60 0.00 0.50 2.23 21.07 0.56 0.075 5.277 9.268 0.039 0.062 SNIb
80 0.00 0.78 2.20 27.42 0.54 0.052 4.945 8.447 0.027 0.044 SNIb
120 0.00 0.93 1.71 47.54 0.46 0.029 4.926 8.262 0.019 0.037 SNIb
[Fe/H]=-2 v=0 km/s
13 6.23 4.44 1.40 0.85 0.03 0.000 0.000 0.000 0.000 0.000 SNIIP
15 6.86 5.09 1.08 1.70 0.13 0.000 0.000 0.000 0.000 0.000 SNIIP
20 8.60 6.71 1.43 1.83 0.17 0.000 0.000 0.000 0.000 0.000 SNIIP
25 10.20 8.26 1.53 2.54 0.19 0.000 0.000 0.000 0.000 0.000 SNIIP
30 11.75 10.76 1.55 3.96 0.31 0.000 0.000 0.000 0.000 0.000 SNIIP
40 14.38 13.75 1.54 7.39 0.39 0.000 0.000 0.000 0.000 0.000 SNIIP
60 18.55 20.46 1.69 19.15 0.50 0.000 0.000 0.000 0.000 0.000 SNIIP
80 22.30 26.49 1.78 34.51 0.53 0.000 0.000 0.000 0.000 0.000 SNIIP
[Fe/H]=-2 v=150 km/s
13 3.44 3.25 1.59 1.67 0.21 0.050 0.227 0.481 0.043 0.070 SNIIP
15 4.04 3.80 1.85 1.84 0.28 0.064 0.326 0.656 0.044 0.070 SNIIP
20 5.31 4.96 1.91 3.30 0.34 0.079 0.615 1.076 0.048 0.087 SNIIP
25 8.62 6.62 1.92 4.72 0.42 0.076 0.962 1.926 0.046 0.083 SNIIP
30 7.45 5.38 1.80 8.52 0.50 0.048 1.460 2.955 0.037 0.057 SNIIP
40 0.00 1.05 2.05 14.62 0.52 0.053 2.828 4.997 0.032 0.051 SNIb
60 0.00 1.03 2.22 36.65 0.57 0.067 7.568 12.839 0.036 0.055 SNIb
[Fe/H]=-2 v=300 km/s
13 3.43 3.15 1.92 1.46 0.26 0.094 0.344 0.549 0.055 0.096 SNIIP
15 4.23 3.78 1.97 2.02 0.32 0.098 0.439 0.646 0.056 0.103 SNIIP
20 4.29 3.80 2.03 5.27 0.60 0.089 0.986 2.026 0.055 0.087 SNIIP
25 0.00 1.23 1.92 6.21 0.50 0.077 1.464 3.286 0.048 0.083 SNIb
30 0.00 0.90 1.84 7.75 0.51 0.060 1.740 3.649 0.042 0.071 SNIb
40 0.00 0.67 2.20 15.68 0.56 0.084 4.303 7.749 0.044 0.071 SNIb
60 0.00 0.86 1.77 41.22 0.52 0.063 11.310 19.042 0.047 0.077 SNIb
[Fe/H]=-3 v=0 km/s
13 6.22 4.44 1.15 1.30 0.04 0.000 0.000 0.000 0.000 0.000 SNIIP
15 6.95 4.62 1.46 1.45 0.20 0.000 0.000 0.000 0.000 0.000 SNIIP
20 8.64 6.63 1.44 1.86 0.17 0.000 0.000 0.000 0.000 0.000 SNIIP
25 10.13 8.00 1.53 2.89 0.22 0.000 0.000 0.000 0.000 0.000 SNIIP
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Table 29 (continued)
Initial Mass H He MFe Ebind ξ2.5 JFe JCO JHe J1.5 J2.0 SN Type
(M⊙) (M⊙) (M⊙) (M⊙) (10
51 erg) (1051 erg s) (1051 erg s) (1051 erg s) (1051 erg s) (1051 erg s)
30 11.89 9.70 1.57 4.16 0.29 0.000 0.000 0.000 0.000 0.000 SNIIP
40 14.58 12.82 1.72 8.61 0.42 0.000 0.000 0.000 0.000 0.000 SNIIP
60 19.75 17.88 1.75 21.97 0.51 0.000 0.000 0.000 0.000 0.000 SNIIP
80 24.20 25.17 1.81 36.37 0.52 0.000 0.000 0.000 0.000 0.000 SNIIP
[Fe/H]=-3 v=150 km/s
13 3.98 3.49 1.61 1.89 0.25 0.048 0.230 0.467 0.042 0.063 SNIIP
15 4.19 3.95 1.22 2.55 0.27 0.024 0.291 0.399 0.035 0.060 SNIIP
20 5.85 5.13 1.91 3.12 0.35 0.077 0.559 1.228 0.046 0.082 SNIIP
25 7.11 6.21 1.84 4.59 0.43 0.068 0.949 1.595 0.048 0.082 SNIIP
30 7.70 5.96 1.78 8.22 0.48 0.044 1.419 2.789 0.034 0.053 SNIIP
40 0.02 1.99 2.15 18.08 0.54 0.059 3.473 5.972 0.032 0.052 SNIb
60 0.17 3.60 1.73 45.98 0.54 0.050 9.870 17.070 0.039 0.066 SNIIb
[Fe/H]=-3 v=300 km/s
13 4.37 3.83 1.17 2.37 0.24 0.036 0.285 0.427 0.054 0.086 SNIIP
15 4.24 4.09 2.07 1.88 0.37 0.083 0.401 0.628 0.028 0.072 SNIIP
20 6.71 6.20 1.93 3.26 0.36 0.086 0.609 1.257 0.051 0.090 SNIIP
25 0.05 1.38 1.89 6.45 0.49 0.069 1.421 2.839 0.046 0.078 SNIb
30 0.01 1.42 1.92 9.63 0.50 0.071 2.331 4.784 0.048 0.075 SNIb
40 0.00 1.27 2.26 17.79 0.57 0.086 4.500 8.452 0.043 0.070 SNIb
60 0.00 1.69 2.53 34.61 0.60 0.106 10.254 18.645 0.045 0.072 SNIb
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Table 30. Isotopic yields - Recommended set
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
v=0 km/s - [Fe/H]=0
H 6.1592E+00 6.8845E+00 8.5593E+00 1.0135E+01 1.1576E+01 1.4539E+01 2.0463E+01 2.5220E+01 3.6732E+01
H2 2.9523E-06 3.6682E-06 5.8878E-06 7.3598E-06 8.8318E-06 1.1777E-05 1.7670E-05 2.3570E-05 3.5377E-05
H3 5.4069E-29 3.1300E-26 2.0669E-16 4.3294E-14 2.2082E-13 2.6141E-12 1.4364E-11 4.3895E-11 1.3806E-10
He3 3.6548E-04 3.9439E-04 4.6986E-04 5.4836E-04 6.2781E-04 7.8911E-04 1.1168E-03 1.3396E-03 1.7584E-03
He4 4.6327E+00 5.1226E+00 7.1652E+00 8.3288E+00 7.3349E+00 1.0974E+01 2.1610E+01 3.0098E+01 5.1977E+01
Li6 5.9770E-11 7.4266E-11 1.1972E-10 1.5018E-10 1.8090E-10 2.4319E-10 3.6984E-10 4.9849E-10 7.5772E-10
Li7 8.4900E-10 1.0549E-09 1.7985E-09 2.2774E-09 2.7630E-09 3.8796E-09 5.6519E-09 7.2343E-09 1.1083E-08
Be7 1.4797E-18 4.6861E-16 1.1940E-14 4.7919E-12 8.4431E-12 1.1629E-11 2.0945E-11 1.5975E-11 3.0266E-12
Be9 2.2919E-11 2.6008E-11 6.2224E-11 7.6757E-11 9.1030E-11 1.1843E-10 1.7102E-10 1.9062E-10 2.9079E-10
Be10 1.0346E-59 1.1587E-59 5.8796E-60 6.5850E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 2.5435E-10 2.8155E-10 3.8508E-10 5.9700E-10 6.9818E-10 8.9221E-10 1.2645E-09 1.4327E-09 2.1285E-09
B11 8.0392E-09 8.9875E-09 1.1279E-08 1.3480E-08 1.5659E-08 2.0470E-08 3.0119E-08 3.7374E-08 5.4080E-08
C12 1.1404E-01 2.2096E-01 4.0941E-01 6.1944E-01 2.5054E-02 3.1933E-02 3.9826E-01 1.1226E+00 2.0178E+00
C13 6.9180E-04 7.7869E-04 1.0411E-03 1.2839E-03 1.4423E-03 1.8031E-03 1.7254E-03 1.7021E-03 2.3899E-03
C14 3.1689E-06 2.7591E-07 2.5505E-06 6.8276E-06 2.0089E-16 4.0063E-14 5.1006E-13 8.8251E-12 7.0191E-11
N13 1.0186E-13 2.5353E-13 3.0317E-13 1.0248E-12 3.2838E-15 6.9372E-15 2.1346E-14 4.6778E-14 4.7262E-14
N14 3.3092E-02 3.6630E-02 4.3741E-02 5.9377E-02 6.7792E-02 1.0455E-01 2.0755E-01 2.8556E-01 4.9749E-01
N15 6.7973E-06 7.5037E-06 1.3543E-05 1.2828E-05 1.2692E-05 1.6330E-05 2.5292E-05 3.1784E-05 4.7190E-05
N16 7.9870E-28 5.3538E-27 4.0444E-30 4.7504E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 2.2080E-17 1.3501E-17 3.6789E-17 3.0459E-16 5.9396E-16 1.2345E-15 3.8611E-15 8.2929E-15 7.6850E-15
O16 2.4337E-01 5.8234E-01 1.2501E+00 2.4724E+00 7.3782E-02 8.7253E-02 1.4910E-01 2.4192E-01 3.6819E-01
O17 5.5634E-05 5.5608E-05 4.6201E-05 4.7633E-05 4.0707E-05 4.1705E-05 5.3011E-05 6.1316E-05 7.9192E-05
O18 3.6454E-03 3.3347E-03 6.3061E-03 4.0082E-03 1.4544E-04 1.8099E-04 2.3255E-04 2.6242E-04 3.2941E-04
O19 3.3333E-21 4.8176E-20 7.2472E-23 1.2197E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 5.8782E-25 7.4662E-25 4.0567E-25 7.1269E-20 1.4944E-19 3.0764E-19 9.9201E-19 2.1316E-18 1.8900E-18
F18 7.0298E-08 8.9173E-08 5.4537E-08 1.1848E-08 3.6528E-20 7.1896E-20 2.3705E-19 4.8764E-19 3.9872E-19
F19 3.6757E-06 4.0664E-06 5.4592E-06 6.2331E-06 6.2210E-06 7.3308E-06 1.3569E-05 1.5300E-05 2.5448E-05
F20 1.6303E-22 3.3388E-22 3.0454E-24 1.0343E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 3.8117E-02 1.2930E-01 3.8949E-01 8.6041E-01 2.2088E-02 2.9642E-02 4.8810E-02 6.4587E-02 1.0312E-01
Ne21 7.4539E-05 1.5323E-04 3.1544E-04 9.1246E-04 1.0750E-04 1.1949E-04 1.4110E-04 1.5185E-04 1.8422E-04
Ne22 7.4827E-03 1.1900E-02 3.0063E-02 2.8005E-02 1.1819E-03 1.4120E-03 1.6701E-02 4.9788E-02 1.0456E-01
Ne23 1.5462E-14 5.6904E-14 4.4308E-15 8.2108E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 3.5808E-16 1.2292E-15 8.3591E-17 1.2464E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 8.1981E-08 5.2698E-07 1.2238E-06 7.9464E-06 3.4774E-18 6.6346E-18 2.2668E-17 5.0498E-17 2.9456E-17
Na23 1.0372E-03 2.4432E-03 6.5923E-03 2.1658E-02 1.4343E-03 2.3296E-03 5.1006E-03 7.5270E-03 1.3637E-02
Na24 7.7079E-07 1.0479E-06 6.0240E-07 6.6706E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 1.3997E-15 4.5208E-15 2.9054E-16 4.2877E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.8316E-02 3.8829E-02 1.0846E-01 1.1542E-01 1.0651E-02 1.4370E-02 2.3921E-02 3.1850E-02 5.1235E-02
Mg25 1.5868E-03 4.1404E-03 1.1411E-02 2.2406E-02 9.8194E-04 1.1694E-03 1.5272E-03 1.8410E-03 2.5277E-03
Mg26 1.9111E-03 4.1761E-03 1.0573E-02 2.2083E-02 1.9585E-03 2.7103E-03 4.6684E-03 6.1815E-03 9.7248E-03
Mg27 5.7715E-13 1.0556E-12 1.1214E-12 3.5737E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 1.0400E-18 2.7220E-18 1.7553E-18 9.5968E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 1.9245E-05 3.8809E-05 6.2739E-05 7.5849E-05 3.6955E-06 1.2483E-05 5.8676E-05 1.2348E-04 3.6741E-04
Alg6 1.2929E-06 1.1875E-06 1.5638E-06 2.5654E-06 3.6955E-06 1.2483E-05 5.8676E-05 1.2348E-04 3.6741E-04
Alm6 1.0607E-16 2.8156E-17 4.1430E-19 3.8391E-22 2.9744E-25 5.1808E-25 1.3895E-24 1.5957E-24 2.1147E-24
Al27 2.0263E-03 4.4265E-03 1.2025E-02 1.7666E-02 1.1614E-03 1.6547E-03 3.0396E-03 4.3295E-03 7.5870E-03
Al28 1.3970E-12 7.1008E-13 2.9798E-12 4.8808E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 5.8708E-18 2.7627E-18 2.0571E-17 1.0487E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 6.5992E-02 1.0543E-01 1.3740E-01 1.2379E-01 1.1793E-02 1.5909E-02 2.6485E-02 3.5252E-02 5.6701E-02
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Si29 1.3367E-03 2.4870E-03 5.4529E-03 5.1387E-03 6.2015E-04 8.3656E-04 1.3932E-03 1.8558E-03 2.9864E-03
Si30 2.2603E-03 3.8749E-03 6.9353E-03 5.0028E-03 4.2294E-04 5.7058E-04 9.5064E-04 1.2685E-03 2.0432E-03
Si31 2.5132E-08 4.6428E-08 7.7393E-08 9.9980E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 5.3007E-09 9.1128E-09 3.6105E-08 4.7541E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 2.0956E-20 6.9046E-20 3.2052E-21 4.6323E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 1.1398E-12 5.6503E-13 1.6054E-12 2.1491E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 4.5197E-04 8.4822E-04 1.2662E-03 1.5419E-03 1.1244E-04 1.5169E-04 2.5315E-04 3.3973E-04 5.4829E-04
P32 5.2227E-07 1.2188E-06 3.3177E-06 3.8196E-06 8.1576E-28 3.0878E-28 1.0562E-32 1.6036E-32 2.1694E-32
P33 3.8568E-07 6.1802E-07 1.1361E-06 1.1082E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 1.5073E-20 1.4682E-20 1.0944E-21 5.9540E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 6.5215E-22 4.7483E-22 7.3940E-21 5.2135E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 2.7089E-02 4.0486E-02 4.3993E-02 4.5942E-02 5.6509E-03 7.6232E-03 1.2686E-02 1.6866E-02 2.7111E-02
S33 2.0529E-04 3.9034E-04 4.6973E-04 7.1069E-04 4.6655E-05 6.2938E-05 1.0878E-04 1.6089E-04 2.7207E-04
S34 1.6552E-03 2.9760E-03 3.1532E-03 4.9044E-03 2.7133E-04 3.6603E-04 6.0944E-04 8.1211E-04 1.3069E-03
S35 3.9541E-07 9.3930E-07 1.8299E-06 4.6324E-06 5.5007E-27 2.0799E-27 7.1120E-32 1.0799E-31 1.4602E-31
S36 1.1162E-06 1.8474E-06 4.4246E-06 1.0495E-05 1.3394E-06 1.8068E-06 3.0076E-06 4.0022E-06 6.4363E-06
S37 3.1979E-18 6.8877E-18 3.9127E-18 2.5633E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 1.6361E-23 2.8697E-23 4.5037E-24 1.2136E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 4.1769E-26 1.2339E-25 1.1203E-25 5.1376E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 1.4446E-04 2.4461E-04 2.8619E-04 5.7247E-04 1.1836E-04 1.5967E-04 2.6538E-04 3.5149E-04 5.6400E-04
Cl36 8.2240E-07 1.8489E-06 3.1277E-06 4.8439E-06 3.7176E-13 1.1243E-10 2.0309E-07 1.2165E-06 2.9795E-06
Cl37 2.9438E-05 4.2286E-05 7.9747E-05 1.4641E-04 3.9990E-05 5.3947E-05 9.2964E-05 1.3680E-04 2.2992E-04
Cl38 1.3018E-11 4.8463E-12 7.0751E-12 2.3536E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 4.8903E-03 6.7719E-03 7.2278E-03 6.9918E-03 1.0795E-03 1.4562E-03 2.4212E-03 3.2098E-03 5.1524E-03
Ar37 8.9227E-06 1.7792E-05 1.8252E-05 3.6220E-05 7.5042E-22 2.9578E-22 1.1185E-22 1.1537E-24 4.6628E-24
Ar38 6.5969E-04 1.1825E-03 1.2307E-03 2.2337E-03 2.0718E-04 2.7948E-04 4.6508E-04 6.1837E-04 9.9413E-04
Ar39 3.4281E-07 7.9207E-07 2.3752E-06 7.9241E-06 1.1155E-22 3.1556E-23 1.7099E-27 2.9147E-27 5.8839E-27
Ar40 3.4895E-07 5.0221E-07 1.1414E-06 2.9882E-06 3.4879E-07 4.7053E-07 7.8334E-07 1.0502E-06 1.7114E-06
Ar41 9.4754E-11 9.7786E-11 1.1795E-10 4.9811E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 6.4885E-32 5.2813E-32 1.2963E-33 3.6026E-32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 4.2340E-15 3.0960E-15 2.5585E-14 5.5387E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 6.7515E-05 1.0529E-04 1.2401E-04 1.9956E-04 5.4920E-05 7.4089E-05 1.2335E-04 1.6426E-04 2.6423E-04
K40 2.5481E-07 6.0714E-07 1.3951E-06 2.4012E-06 8.8644E-08 1.1975E-07 3.8402E-07 1.2011E-06 2.4585E-06
K41 2.6053E-06 3.3190E-06 5.4208E-06 8.1499E-06 4.1667E-06 5.6210E-06 9.3549E-06 1.2523E-05 2.0158E-05
K42 1.9830E-08 1.7717E-08 1.7730E-08 6.4605E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 4.4365E-03 5.8013E-03 6.3790E-03 5.4988E-03 1.1971E-03 1.6149E-03 2.6860E-03 3.5647E-03 5.7254E-03
Ca41 3.5157E-06 7.1361E-06 1.1009E-05 1.5063E-05 3.1059E-12 9.1197E-10 2.1411E-06 1.0824E-05 2.3688E-05
Ca42 2.0971E-05 3.8381E-05 5.1083E-05 9.8976E-05 8.3892E-06 1.1317E-05 1.9023E-05 2.7192E-05 4.5010E-05
Ca43 1.7164E-06 2.8529E-06 7.3771E-06 1.5368E-05 1.7921E-06 2.4176E-06 4.0318E-06 5.4873E-06 8.9110E-06
Ca44 1.7899E-05 2.1862E-05 3.9322E-05 7.3984E-05 2.8335E-05 3.8225E-05 6.3600E-05 8.4527E-05 1.3584E-04
Ca45 1.9649E-07 3.0665E-07 7.2647E-07 2.7035E-06 2.8289E-26 1.0691E-26 3.6553E-31 5.5506E-31 7.5038E-31
Ca46 1.1412E-07 1.0613E-07 3.1728E-07 1.7107E-06 5.6805E-08 7.6631E-08 1.2748E-07 1.6930E-07 2.7203E-07
Ca47 1.0388E-09 1.4098E-09 4.5683E-09 2.4451E-08 1.0713E-30 4.0531E-31 1.3871E-35 2.1059E-35 2.8459E-35
Ca48 1.6101E-06 1.8428E-06 2.5181E-06 3.1303E-06 2.7710E-06 3.7382E-06 6.2218E-06 8.2769E-06 1.3309E-05
Ca49 4.6150E-17 1.4232E-16 2.7284E-17 3.2963E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 3.0866E-47 1.3777E-47 1.1861E-50 5.0766E-46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 1.2346E-40 1.4947E-40 2.1025E-43 2.3391E-43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 3.2134E-08 2.8113E-08 4.1195E-08 5.4273E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 1.8721E-09 4.1474E-09 7.7617E-09 1.1194E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 8.4784E-07 1.3173E-06 3.7742E-06 8.6623E-06 8.9698E-07 1.2100E-06 2.0568E-06 2.8767E-06 4.7435E-06
Sc46 4.9462E-08 1.3188E-07 3.1523E-07 1.2322E-06 1.0041E-26 3.8013E-27 1.2945E-31 1.9677E-31 2.6760E-31
Sc47 9.5205E-09 2.9225E-08 6.8698E-08 2.3670E-07 8.1642E-31 3.0886E-31 1.0570E-35 1.6049E-35 2.1688E-35
Sc48 2.9587E-09 6.6529E-09 1.1245E-08 4.8496E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 2.5961E-12 4.0531E-12 6.1089E-12 3.5162E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ti44 2.6282E-05 2.0642E-05 2.5709E-05 4.1312E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 2.5540E-08 3.5983E-08 3.8407E-08 5.0951E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 1.1171E-05 1.8036E-05 2.3616E-05 3.7430E-05 4.7728E-06 6.4386E-06 1.0718E-05 1.4301E-05 2.3021E-05
Ti47 3.4241E-06 4.1413E-06 6.8884E-06 1.1557E-05 4.3979E-06 5.9328E-06 9.8142E-06 1.2865E-05 2.0536E-05
Ti48 2.6056E-05 2.9735E-05 4.1393E-05 5.2286E-05 4.4504E-05 6.0037E-05 9.9575E-05 1.3106E-04 2.0964E-04
Ti49 2.2775E-06 2.9610E-06 5.1749E-06 9.4878E-06 3.3340E-06 4.4977E-06 7.9061E-06 1.2015E-05 2.0521E-05
Ti50 2.3757E-06 3.3961E-06 7.2631E-06 1.5569E-05 3.2573E-06 4.3942E-06 7.3612E-06 1.0131E-05 1.6535E-05
Ti51 2.7407E-15 7.2151E-15 1.1000E-15 2.3011E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 3.7493E-52 8.8322E-52 9.6239E-51 3.2305E-47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 4.9971E-52 3.7705E-52 1.2441E-49 2.6150E-53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 1.2939E-10 1.1113E-10 1.8819E-10 2.4535E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 3.3227E-08 5.8253E-08 8.4774E-08 1.1817E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 3.7551E-06 4.9168E-06 5.5070E-06 4.4625E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 4.2259E-08 1.0173E-07 2.1770E-07 3.6694E-07 1.5013E-08 2.0253E-08 3.3476E-08 4.3734E-08 6.9703E-08
V51 3.6896E-06 4.3218E-06 6.1383E-06 8.0461E-06 6.1100E-06 8.2428E-06 1.3826E-05 1.8579E-05 3.0032E-05
V52 1.5696E-15 3.3763E-15 2.4715E-15 9.9918E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 8.0941E-05 7.3893E-05 8.0391E-05 9.3501E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 7.7757E-09 9.5514E-09 1.1185E-08 7.5268E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 4.6059E-05 7.1517E-05 8.9557E-05 6.4890E-05 1.3382E-05 1.8053E-05 2.9826E-05 3.8927E-05 6.2011E-05
Cr51 9.8183E-06 1.3566E-05 1.4927E-05 9.7443E-06 1.2228E-22 4.5119E-23 2.8086E-23 6.5337E-25 1.1177E-23
Cr52 1.6641E-04 1.9190E-04 2.5523E-04 2.9546E-04 2.6838E-04 3.6205E-04 6.0230E-04 8.0013E-04 1.2857E-03
Cr53 1.7852E-05 2.0513E-05 2.7813E-05 3.4300E-05 3.1017E-05 4.1845E-05 6.9376E-05 9.1459E-05 1.4647E-04
Cr54 6.0682E-06 9.0743E-06 1.7893E-05 3.1197E-05 7.8667E-06 1.0613E-05 1.8430E-05 2.7298E-05 4.6049E-05
Cr55 6.4303E-15 2.0773E-14 2.2022E-15 5.4488E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 1.0448E-59 1.1701E-59 1.4294E-58 3.0153E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 2.5267E-08 3.3517E-08 4.0914E-08 2.1621E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 1.5716E-04 1.8697E-04 2.0038E-04 1.4840E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 7.4179E-05 1.0009E-04 1.0685E-04 6.8584E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 9.0328E-08 1.7853E-07 2.6185E-07 3.9923E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.2550E-04 1.4429E-04 1.9274E-04 2.2301E-04 2.0890E-04 2.8181E-04 4.7997E-04 6.6609E-04 1.0923E-03
Mn56 2.3157E-08 3.7608E-08 2.4283E-08 3.8983E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 5.9701E-19 4.0045E-19 7.5240E-19 5.8457E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 4.7172E-04 5.5884E-04 5.9627E-04 4.4620E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 4.6856E-15 3.1363E-15 1.2786E-13 1.3666E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 3.7854E-03 5.5967E-03 6.8045E-03 4.2090E-03 1.4085E-03 1.9000E-03 3.1470E-03 4.1289E-03 6.5951E-03
Fe55 7.5881E-05 1.1455E-04 1.2672E-04 8.5429E-05 5.1460E-17 9.2552E-15 1.5598E-13 3.4908E-12 4.2809E-11
Fe56 1.3302E-02 1.5096E-02 2.0030E-02 2.3537E-02 2.2930E-02 3.0933E-02 5.1445E-02 6.8293E-02 1.0969E-01
Fe57 3.4659E-04 4.5241E-04 6.8792E-04 8.8550E-04 5.3899E-04 7.2710E-04 1.2485E-03 1.7915E-03 2.9893E-03
Fe58 1.2119E-04 2.7591E-04 6.6273E-04 1.1749E-03 7.2987E-05 9.8466E-05 1.7580E-04 3.0295E-04 5.3966E-04
Fe59 7.6147E-06 1.5982E-05 1.6566E-05 6.4132E-05 5.8645E-26 2.2280E-26 7.5760E-31 1.1532E-30 1.6117E-30
Fe60 3.5688E-06 4.0622E-06 7.3895E-06 3.7426E-05 6.8822E-25 3.3542E-20 1.4439E-11 3.1308E-10 7.0225E-10
Fe61 2.6534E-14 7.2674E-15 5.4797E-16 2.5063E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 1.0346E-59 1.1587E-59 5.8796E-60 6.5850E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 3.0179E-04 4.2018E-04 4.6259E-04 2.5531E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 2.5715E-06 2.7288E-06 3.4045E-06 2.8973E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 1.4383E-04 1.3968E-04 1.4120E-04 1.5371E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 1.1596E-06 2.1678E-06 2.8946E-06 1.7877E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 8.3167E-05 1.5466E-04 3.8118E-04 7.3632E-04 8.1362E-05 1.0976E-04 1.8237E-04 2.4449E-04 3.9420E-04
Co60 3.2500E-06 7.9869E-06 9.7105E-06 2.9631E-05 9.4924E-24 3.6288E-24 2.6294E-17 5.7082E-16 1.2812E-15
Co61 9.6135E-08 2.1562E-07 2.7712E-07 8.0545E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 7.0000E-02 7.0000E-02 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.6634E-03 2.5187E-03 2.5096E-03 2.8169E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 5.3656E-03 5.7943E-03 5.8226E-03 5.2015E-03 9.2468E-04 1.2474E-03 2.0682E-03 2.7207E-03 4.3503E-03
Ni59 1.6627E-04 1.4624E-04 1.5513E-04 1.8453E-04 7.8164E-12 2.4563E-09 6.5743E-06 2.6259E-05 5.7551E-05
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ni60 1.6303E-03 1.4801E-03 1.7931E-03 2.4470E-03 3.6846E-04 4.9709E-04 8.2668E-04 1.1035E-03 1.7765E-03
Ni61 6.6642E-05 7.8684E-05 1.4046E-04 2.7226E-04 1.6284E-05 2.1969E-05 3.9162E-05 6.0606E-05 1.0434E-04
Ni62 8.7659E-05 1.5251E-04 3.4151E-04 7.8292E-04 5.2772E-05 7.1190E-05 1.1899E-04 1.6311E-04 2.6568E-04
Ni63 8.2933E-06 1.4416E-05 5.7524E-05 2.4833E-04 2.3752E-22 7.6253E-23 3.2106E-27 5.1259E-27 7.6308E-27
Ni64 1.9682E-05 2.9250E-05 9.3056E-05 3.1096E-04 1.3873E-05 1.8715E-05 3.1191E-05 4.1847E-05 6.7602E-05
Ni65 2.1922E-08 1.5037E-08 3.0404E-08 1.7337E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 1.0346E-59 1.1587E-59 5.8796E-60 6.5850E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 1.0042E-36 3.0806E-37 6.7156E-36 1.2720E-37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 1.5563E-19 7.2369E-19 5.7027E-20 1.3054E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 3.0130E-08 2.3810E-08 3.7241E-08 4.4926E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 3.4560E-05 2.7769E-05 2.9694E-05 3.3189E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 4.5137E-07 3.7567E-07 4.1161E-07 3.5795E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 9.1661E-06 1.5068E-05 3.5546E-05 6.1465E-05 9.5242E-06 1.2849E-05 2.1820E-05 3.1100E-05 5.1562E-05
Cu64 3.7031E-07 8.4604E-07 1.5883E-06 4.0067E-06 1.0724E-27 4.0764E-28 1.3998E-32 2.1256E-32 2.8919E-32
Cu65 7.5745E-06 1.4465E-05 4.7210E-05 1.2325E-04 4.3799E-06 5.9085E-06 1.0091E-05 1.4378E-05 2.3744E-05
Cu66 1.0767E-13 3.6904E-13 5.6084E-14 1.4211E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 2.5810E-24 1.8923E-24 3.6731E-22 2.0801E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 7.2034E-24 4.0786E-24 9.0178E-24 1.6074E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 6.2702E-04 5.3856E-04 5.6460E-04 5.4130E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 1.1903E-09 9.1478E-10 1.1363E-09 1.2166E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 1.7460E-05 2.0334E-05 3.5176E-05 5.9767E-05 1.5946E-05 2.1512E-05 3.5695E-05 4.7387E-05 7.5950E-05
Zn65 1.2340E-06 2.0143E-06 4.0347E-06 1.1660E-05 2.8216E-23 1.0267E-23 6.3875E-28 9.7886E-28 1.3535E-27
Zn66 1.5031E-05 2.5211E-05 5.5046E-05 1.5783E-04 9.4345E-06 1.2727E-05 2.1144E-05 2.8093E-05 4.5185E-05
Zn67 1.4473E-06 2.4522E-06 9.8082E-06 3.1342E-05 1.4074E-06 1.8987E-06 3.1824E-06 4.2912E-06 6.9613E-06
Zn68 7.1625E-06 1.1431E-05 4.0271E-05 1.3353E-04 6.5325E-06 8.8125E-06 1.4705E-05 1.9742E-05 3.1892E-05
Zn69 4.5761E-10 6.3740E-10 2.1054E-09 9.7045E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 2.1686E-07 3.5504E-07 7.0261E-07 3.3860E-06 2.2236E-07 2.9996E-07 4.9796E-07 6.5727E-07 1.0528E-06
Zn71 9.4125E-19 3.6313E-18 2.5191E-18 1.7581E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 1.0346E-59 1.1587E-59 5.8796E-60 6.5850E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 7.8494E-32 2.5083E-32 6.2310E-32 8.4252E-32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 2.3001E-26 2.9587E-26 2.6737E-26 1.3282E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 1.6210E-13 1.1511E-13 2.4944E-13 2.6741E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 6.6496E-06 5.1739E-06 5.2978E-06 4.6891E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 3.8386E-08 4.8451E-08 8.5860E-08 2.3064E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 6.7187E-11 1.6975E-10 4.6365E-10 1.2323E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 1.0209E-06 1.8424E-06 6.2391E-06 2.1427E-05 6.4173E-07 8.6573E-07 1.4588E-06 1.9978E-06 3.2567E-06
Ga70 7.2890E-13 8.5911E-13 3.1718E-12 6.9481E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 5.9809E-07 9.8242E-07 4.1669E-06 1.3925E-05 4.3824E-07 5.9119E-07 9.9084E-07 1.3513E-06 2.1972E-06
Ga72 1.5951E-08 1.7669E-08 5.6152E-08 5.0536E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 2.4367E-34 8.0411E-35 8.6619E-34 4.2680E-33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 1.1034E-35 1.6905E-35 1.1791E-35 1.9362E-34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.3059E-06 1.0156E-06 1.0579E-06 9.3310E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 6.9524E-15 4.6657E-15 1.0833E-14 9.3115E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 1.0436E-08 1.4816E-08 2.6541E-08 6.0160E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 1.1095E-09 2.7135E-09 5.7805E-09 1.6188E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 1.3585E-06 2.4631E-06 7.5697E-06 2.9878E-05 9.1952E-07 1.2405E-06 2.0736E-06 2.8160E-06 4.5667E-06
Ge71 4.9883E-08 1.6345E-07 6.3014E-07 3.8727E-06 1.2434E-27 4.7050E-28 1.6099E-32 2.4446E-32 3.3106E-32
Ge72 1.4247E-06 2.3100E-06 7.2794E-06 2.6940E-05 1.2499E-06 1.6861E-06 2.8002E-06 3.7180E-06 5.9707E-06
Ge73 3.2461E-07 4.7456E-07 1.9753E-06 8.5931E-06 3.5570E-07 4.7984E-07 7.9737E-07 1.0577E-06 1.6982E-06
Ge74 1.5642E-06 2.1938E-06 7.6240E-06 2.8135E-05 1.6923E-06 2.2829E-06 3.8084E-06 5.0940E-06 8.2135E-06
Ge75 2.0567E-10 4.7098E-10 1.6089E-09 8.9720E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 2.4039E-07 3.3954E-07 5.8464E-07 2.2857E-06 3.6455E-07 4.9181E-07 8.1631E-07 1.0772E-06 1.7252E-06
Ge77 1.8414E-09 5.3722E-10 1.0065E-09 1.6878E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 3.7869E-11 1.0107E-10 2.6191E-10 1.1751E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
As72 7.0124E-11 1.8514E-10 5.3488E-10 1.8788E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 6.6020E-09 1.6970E-08 4.9335E-08 1.8826E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 1.5821E-09 4.0957E-09 1.3740E-08 4.7059E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 2.7333E-07 4.9744E-07 1.7006E-06 6.2168E-06 2.1116E-07 2.8486E-07 4.7265E-07 6.2731E-07 1.0071E-06
As76 5.2135E-09 1.7919E-08 5.8075E-08 4.3018E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 3.7467E-08 1.1328E-07 3.7172E-07 1.4361E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 5.5823E-08 1.3138E-07 2.8896E-07 1.3955E-06 2.0332E-08 2.7429E-08 4.4709E-08 5.7495E-08 9.0699E-08
Se75 3.2817E-09 8.9750E-09 2.1470E-08 1.0895E-07 1.0032E-27 3.7798E-28 1.2991E-32 1.9719E-32 2.6572E-32
Se76 3.0450E-07 5.0207E-07 1.5436E-06 6.7496E-06 2.1985E-07 2.9658E-07 5.0274E-07 6.9055E-07 1.1286E-06
Se77 1.3844E-07 1.8611E-07 7.2441E-07 2.5158E-06 1.8138E-07 2.4468E-07 4.0525E-07 5.3980E-07 8.6780E-07
Se78 5.2474E-07 6.8814E-07 2.4621E-06 1.0392E-05 5.7238E-07 7.7218E-07 1.2933E-06 1.7529E-06 2.8427E-06
Se79 3.5274E-08 6.5423E-08 4.8231E-07 2.6957E-06 7.6198E-17 2.5810E-15 2.5959E-14 9.9942E-14 2.7056E-13
Se80 8.5639E-07 1.0381E-06 2.6789E-06 9.3930E-06 1.2252E-06 1.6529E-06 2.7370E-06 3.5964E-06 5.7527E-06
Se81 4.3835E-14 1.2758E-14 4.4940E-14 1.4059E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.4439E-07 2.0060E-07 3.2843E-07 1.4194E-06 2.2100E-07 2.9813E-07 4.9564E-07 6.5687E-07 1.0544E-06
Se83 2.3147E-15 1.1735E-15 4.0325E-15 4.3252E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 5.0235E-15 1.1387E-14 2.1355E-14 2.4547E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 2.0531E-12 5.5293E-12 1.4318E-11 7.0151E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 1.4489E-10 4.1384E-10 8.7336E-10 7.4795E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 3.7740E-17 5.0246E-17 2.5071E-16 1.7018E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.1483E-07 1.3615E-07 2.2928E-07 4.6798E-07 1.9594E-07 2.6430E-07 4.3107E-07 5.6240E-07 8.9462E-07
Br80 8.9250E-15 1.6078E-14 5.4806E-14 1.0478E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 1.5084E-07 2.0008E-07 5.4981E-07 2.1588E-06 1.9543E-07 2.6363E-07 4.4033E-07 5.8458E-07 9.3876E-07
Br82 1.0876E-09 3.3139E-09 1.2070E-08 9.9895E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 1.7439E-09 4.4269E-09 1.8105E-08 7.5049E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 6.1962E-09 1.0023E-08 1.8711E-08 9.5068E-08 7.0855E-09 9.5585E-09 1.5603E-08 2.0062E-08 3.1648E-08
Kr79 1.0327E-10 2.4659E-10 6.4166E-10 3.4748E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 4.9400E-08 7.8624E-08 2.0075E-07 6.9524E-07 4.6695E-08 6.3011E-08 1.1384E-07 1.6370E-07 2.7236E-07
Kr81 3.3386E-09 5.6408E-09 3.5577E-08 1.3373E-07 5.5348E-15 1.7592E-12 3.0374E-09 9.7072E-09 2.1022E-08
Kr82 1.9019E-07 2.3962E-07 6.9911E-07 2.8260E-06 2.3982E-07 3.2355E-07 5.5306E-07 7.8604E-07 1.3011E-06
Kr83 1.5933E-07 2.0968E-07 5.5116E-07 2.0518E-06 2.4047E-07 3.2440E-07 5.3382E-07 7.0693E-07 1.1311E-06
Kr84 7.6585E-07 9.5164E-07 2.1325E-06 5.6023E-06 1.1994E-06 1.6181E-06 2.6904E-06 3.5666E-06 5.7259E-06
Kr85 2.1545E-08 4.6227E-08 3.0071E-07 1.1628E-06 4.5541E-25 1.6905E-25 5.9278E-30 9.0319E-30 1.2267E-29
Kr86 2.7335E-07 3.7683E-07 9.6639E-07 2.6983E-06 3.7136E-07 5.0099E-07 8.3370E-07 1.1085E-06 1.7827E-06
Kr87 2.5083E-12 7.2774E-13 1.8785E-12 1.7182E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 1.0128E-18 1.3031E-18 4.1569E-18 6.8620E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 1.3495E-22 1.2939E-22 2.1783E-22 1.2149E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 1.3079E-13 3.4661E-13 6.3915E-13 1.2703E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 1.4476E-13 3.7006E-13 9.7875E-13 8.4212E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 1.5811E-10 3.5896E-10 1.0619E-09 5.5500E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 1.4093E-11 3.3574E-11 1.0031E-10 6.0270E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 1.7411E-07 2.1071E-07 3.7702E-07 6.8067E-07 2.8138E-07 3.7958E-07 6.3027E-07 8.3193E-07 1.3330E-06
Rb86 3.5010E-09 1.0805E-08 4.1044E-08 1.5527E-07 2.2504E-27 8.5229E-28 2.9137E-32 4.4235E-32 5.9749E-32
Rb87 1.1017E-07 1.7911E-07 4.6368E-07 1.2912E-06 1.1852E-07 1.5989E-07 2.6590E-07 3.5284E-07 5.6673E-07
Rb88 2.6973E-15 8.1410E-16 5.0269E-15 4.0665E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 6.4100E-09 1.0941E-08 1.6423E-08 9.7144E-08 4.9032E-09 6.6145E-09 1.0772E-08 1.3848E-08 2.1837E-08
Sr85 2.3463E-10 4.5163E-10 9.5348E-10 3.5573E-09 1.3702E-28 5.1633E-29 1.7742E-33 2.6931E-33 3.6286E-33
Sr86 7.5740E-08 1.0980E-07 2.8249E-07 5.9267E-07 8.8774E-08 1.1977E-07 2.1552E-07 3.3527E-07 5.7807E-07
Sr87 4.4707E-08 6.8206E-08 1.7411E-07 3.5921E-07 6.2772E-08 8.4678E-08 1.4335E-07 2.0801E-07 3.4605E-07
Sr88 5.5424E-07 7.7083E-07 1.6285E-06 3.1639E-06 7.6110E-07 1.0268E-06 1.7107E-06 2.2913E-06 3.6946E-06
Sr89 3.7777E-09 8.8617E-09 1.9646E-08 8.5404E-08 2.4942E-28 9.4354E-29 3.2295E-33 4.9036E-33 6.6330E-33
Sr90 1.5089E-09 2.2428E-09 7.8745E-09 4.0981E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 5.9565E-11 4.5111E-12 4.3874E-12 1.2324E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 1.4108E-15 3.2620E-15 3.8621E-15 1.1623E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Y86 9.8938E-15 2.4506E-14 4.1981E-14 5.3121E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 5.0995E-12 1.2176E-11 2.1386E-11 2.0406E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 1.2435E-11 2.7420E-11 6.0308E-11 2.6798E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 1.3470E-07 1.7229E-07 3.3077E-07 6.6094E-07 2.0369E-07 2.7478E-07 4.5763E-07 6.1041E-07 9.8289E-07
Y90 3.2970E-10 7.8652E-10 2.1342E-09 8.9928E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 1.2593E-09 3.0412E-09 8.8048E-09 2.6192E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 1.5886E-07 1.9624E-07 3.2448E-07 5.6491E-07 2.4843E-07 3.3513E-07 5.5788E-07 7.4251E-07 1.1941E-06
Zr91 3.3826E-08 4.0786E-08 7.2688E-08 1.4544E-07 5.4777E-08 7.3897E-08 1.2312E-07 1.6425E-07 2.6453E-07
Zr92 5.3393E-08 6.5171E-08 1.1174E-07 2.0711E-07 8.4649E-08 1.1419E-07 1.9040E-07 2.5461E-07 4.1047E-07
Zr93 1.4421E-09 3.2741E-09 1.3521E-08 4.9777E-08 1.8686E-15 4.9745E-13 6.6768E-10 2.9953E-09 6.6180E-09
Zr94 5.2903E-08 6.2553E-08 9.8513E-08 1.6518E-07 8.7649E-08 1.1824E-07 1.9633E-07 2.6041E-07 4.1795E-07
Zr95 4.2276E-10 1.0092E-09 2.4989E-09 1.5246E-08 2.4804E-28 9.3780E-29 3.2117E-33 4.8762E-33 6.5896E-33
Zr96 8.4885E-10 1.0051E-09 4.5608E-09 3.3404E-08 2.2569E-10 3.0092E-10 4.5139E-10 6.0188E-10 9.0279E-10
Zr97 1.2594E-11 4.9847E-13 2.8618E-13 4.4820E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 3.2748E-11 6.4945E-11 1.3123E-10 3.2485E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 3.9652E-12 8.9448E-12 1.6954E-11 5.8687E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 2.0898E-08 2.3256E-08 2.9874E-08 3.5920E-08 3.7849E-08 5.1059E-08 8.3326E-08 1.0747E-07 1.6969E-07
Nb94 2.8087E-12 5.3341E-12 1.9373E-11 3.6176E-11 6.0504E-22 2.6490E-21 7.8415E-21 1.2953E-20 1.8642E-20
Nb95 7.5576E-11 9.3855E-11 5.8643E-10 1.7880E-09 1.3536E-28 5.1170E-29 1.7528E-33 2.6614E-33 3.5967E-33
Nb96 3.6558E-12 6.9722E-12 1.9178E-11 1.4332E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 1.2413E-12 4.5509E-13 1.4274E-12 7.5440E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 9.1864E-09 1.1358E-08 1.5914E-08 1.9664E-08 1.4304E-08 1.9297E-08 3.1822E-08 4.1396E-08 6.5818E-08
Mo93 5.5452E-11 1.2428E-10 2.5324E-10 3.8829E-10 3.4826E-23 1.6193E-20 4.3848E-19 5.3964E-17 3.6079E-15
Mo94 6.7268E-09 8.3441E-09 1.2193E-08 1.4703E-08 9.2079E-09 1.2423E-08 2.2006E-08 3.0374E-08 5.0193E-08
Mo95 9.2633E-09 1.0393E-08 1.4497E-08 1.7995E-08 1.6106E-08 2.1727E-08 3.6152E-08 4.8048E-08 7.7296E-08
Mo96 1.8562E-08 2.1402E-08 3.1406E-08 4.4136E-08 3.1327E-08 4.2267E-08 7.0594E-08 9.4615E-08 1.5275E-07
Mo97 5.9039E-09 6.7713E-09 1.0076E-08 1.5833E-08 9.9670E-09 1.3446E-08 2.2489E-08 3.0222E-08 4.8829E-08
Mo98 1.5171E-08 1.7744E-08 2.6257E-08 4.0467E-08 2.5586E-08 3.4519E-08 5.7806E-08 7.8352E-08 1.2708E-07
Xe132 5.0101E-08 5.8051E-08 8.2648E-08 1.1142E-07 8.5826E-08 1.1578E-07 1.9227E-07 2.5499E-07 4.0921E-07
Xe133 7.1734E-11 2.2090E-10 3.1842E-10 2.2796E-09 4.3624E-29 1.6559E-29 5.7660E-34 8.7535E-34 1.1828E-33
Xe134 1.8783E-08 2.1504E-08 2.8799E-08 3.7961E-08 3.2171E-08 4.3399E-08 7.2054E-08 9.5142E-08 1.5244E-07
Xe135 3.5360E-11 1.5339E-11 1.2133E-11 1.0303E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 1.2696E-08 1.4495E-08 1.9507E-08 2.4884E-08 2.2564E-08 3.0439E-08 4.9917E-08 6.5166E-08 1.0366E-07
Cs134 1.7112E-11 7.0044E-11 6.5900E-11 5.4053E-10 1.2791E-26 4.8775E-27 1.8085E-31 2.7471E-31 3.7096E-31
Cs135 2.0691E-10 3.8929E-10 8.1855E-10 2.5191E-09 2.9922E-16 8.3129E-14 4.7140E-11 1.3008E-10 3.2502E-10
Cs136 2.6385E-11 8.8890E-11 1.0987E-10 6.1040E-10 1.7868E-34 1.2453E-32 0.0000E+00 1.5601E-38 3.0017E-37
Cs137 1.9102E-10 2.6590E-10 7.0636E-10 4.0831E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 4.9553E-17 2.2351E-18 1.9918E-19 1.2157E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 5.1846E-09 6.5081E-09 1.0739E-08 1.4495E-08 6.9174E-09 9.3335E-09 1.6952E-08 2.5020E-08 4.2448E-08
Ba135 1.0492E-08 1.1814E-08 1.5804E-08 1.9932E-08 1.9007E-08 2.5640E-08 4.2056E-08 5.5343E-08 8.8374E-08
Ba136 1.4659E-08 1.8300E-08 2.9707E-08 4.3025E-08 2.2815E-08 3.0777E-08 5.2409E-08 7.3380E-08 1.2084E-07
Ba137 1.9340E-08 2.2941E-08 3.3640E-08 4.6599E-08 3.2867E-08 4.4338E-08 7.3698E-08 9.8384E-08 1.5837E-07
Ba138 1.2817E-07 1.5437E-07 2.3904E-07 3.5269E-07 2.1134E-07 2.8510E-07 4.7502E-07 6.3430E-07 1.0218E-06
Ba139 3.1312E-13 4.2576E-14 2.5809E-15 2.0320E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.3213E-11 1.5278E-11 2.0769E-11 2.4680E-11 2.2309E-11 3.0097E-11 5.0097E-11 6.6672E-11 1.0722E-10
La139 1.4910E-08 1.7887E-08 2.7730E-08 4.2373E-08 2.4670E-08 3.3283E-08 5.5422E-08 7.3867E-08 1.1887E-07
La140 6.4994E-12 5.9184E-13 9.8723E-14 8.5633E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 3.9424E-08 4.6092E-08 6.7223E-08 9.4926E-08 6.6435E-08 8.9622E-08 1.4922E-07 1.9876E-07 3.1976E-07
Ce141 6.2859E-11 6.9154E-11 9.4881E-12 1.3579E-09 2.9286E-29 1.1080E-29 3.7919E-34 5.7576E-34 7.7831E-34
Pr141 6.0617E-09 6.9380E-09 9.9952E-09 1.3573E-08 1.0442E-08 1.4086E-08 2.3307E-08 3.0640E-08 4.8969E-08
Pr142 7.7352E-12 5.8617E-12 3.5656E-12 2.3369E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 9.0266E-09 1.1187E-08 1.7076E-08 2.4843E-08 1.4254E-08 1.9229E-08 3.2202E-08 4.3384E-08 7.0213E-08
Nd143 3.5693E-09 4.0312E-09 5.3700E-09 7.1662E-09 6.3815E-09 8.6085E-09 1.4122E-08 1.8414E-08 2.9269E-08
Nd144 7.4315E-09 8.4889E-09 1.1686E-08 1.5285E-08 1.2683E-08 1.7109E-08 2.8535E-08 3.7839E-08 6.0790E-08
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Hg202 7.4977E-09 8.7604E-09 1.2708E-08 1.7378E-08 1.2589E-08 1.6984E-08 2.8472E-08 3.8509E-08 6.2431E-08
Hg203 2.2201E-11 9.5002E-12 5.0794E-12 9.4901E-11 2.7216E-29 1.1725E-29 7.1868E-34 1.0913E-33 1.4764E-33
Hg204 1.6896E-09 1.8727E-09 2.4462E-09 2.9179E-09 2.9252E-09 3.9461E-09 6.5360E-09 8.5776E-09 1.3700E-08
Hg205 2.4413E-19 1.8309E-19 2.2095E-20 5.2271E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 3.9331E-09 4.6463E-09 6.8171E-09 1.0110E-08 6.7179E-09 9.0628E-09 1.5056E-08 2.0058E-08 3.2256E-08
Tl204 1.0892E-11 3.4029E-11 3.8799E-11 2.3805E-10 2.1327E-27 8.0090E-28 2.7667E-32 4.2059E-32 5.6961E-32
Tl205 9.3705E-09 1.0757E-08 1.4659E-08 1.7714E-08 1.6194E-08 2.1847E-08 3.6286E-08 4.8143E-08 7.7254E-08
Tl206 1.1483E-18 6.8598E-18 1.7337E-18 3.9308E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 2.1229E-09 2.7307E-09 4.4970E-09 6.6273E-09 3.2328E-09 4.3611E-09 7.4296E-09 1.0429E-08 1.7210E-08
Pb205 8.1327E-11 2.0883E-10 6.9577E-10 2.2139E-09 6.7556E-20 1.4245E-19 3.5271E-19 3.6640E-19 3.5297E-19
Pb206 1.8254E-08 2.1696E-08 3.2621E-08 4.4538E-08 3.0375E-08 4.0979E-08 6.8352E-08 9.1533E-08 1.4766E-07
Pb207 2.0000E-08 2.3417E-08 3.4186E-08 5.0597E-08 3.3777E-08 4.5566E-08 7.5876E-08 1.0111E-07 1.6271E-07
Pb208 5.7220E-08 6.6446E-08 9.5273E-08 1.3024E-07 9.7149E-08 1.3106E-07 2.1824E-07 2.9080E-07 4.6797E-07
Pb209 4.6222E-15 3.5534E-15 1.3366E-17 2.1383E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 1.8113E-10 3.3350E-10 4.4174E-10 5.2561E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 7.6645E-09 8.7967E-09 1.2119E-08 1.5559E-08 1.3174E-08 1.7772E-08 2.9573E-08 3.9311E-08 6.3189E-08
v=150 km/s - [Fe/H]=0
H 4.7318E+00 5.1210E+00 6.2244E+00 7.5858E+00 8.6081E+00 1.1414E+01 1.6706E+01 2.1919E+01 3.2280E+01
H2 2.0492E-16 1.7376E-14 2.4826E-11 5.4809E-10 2.3378E-10 8.4527E-09 2.0336E-07 4.7545E-07 2.6492E-06
H3 4.1460E-25 1.4821E-21 2.1077E-16 4.4136E-14 2.2477E-13 2.6665E-12 1.1431E-11 2.9676E-11 4.7830E-12
He3 2.3450E-04 2.4227E-04 2.7133E-04 3.1257E-04 3.3976E-04 4.0597E-04 5.7468E-04 6.4474E-04 1.0864E-03
He4 3.9292E+00 4.4666E+00 6.3602E+00 8.2765E+00 9.5393E+00 1.3905E+01 2.2195E+01 3.0581E+01 5.7678E+01
Li6 2.5796E-12 4.7380E-12 1.1691E-11 1.9589E-11 2.6127E-11 4.1230E-11 7.9357E-11 5.2262E-11 1.0199E-10
Li7 5.5515E-11 1.0547E-10 2.5745E-10 4.5103E-10 5.5194E-10 7.9742E-10 1.5861E-09 1.0554E-09 1.8031E-09
Be7 3.9224E-12 9.6022E-12 5.4825E-12 1.2672E-11 1.0312E-11 1.4088E-11 2.8885E-10 1.1786E-10 5.6679E-12
Be9 1.8120E-12 3.3548E-12 7.6715E-12 1.4468E-11 1.7802E-11 2.2071E-11 3.7835E-11 2.9294E-11 4.6528E-11
Be10 2.8090E-60 3.9238E-60 4.7817E-60 6.4183E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 1.2963E-11 2.3345E-11 5.2057E-11 9.8998E-11 1.2617E-10 1.3847E-10 2.5118E-10 1.9470E-10 2.8299E-10
B11 2.7792E-09 3.0488E-09 3.4023E-09 3.8506E-09 4.3588E-09 5.9488E-09 9.6705E-09 1.0891E-08 2.0904E-08
C12 3.6801E-01 3.6488E-01 1.1122E+00 1.4403E+00 3.0583E-01 5.0343E-01 1.1217E+00 1.7224E+00 2.0353E+00
C13 9.7950E-04 7.5209E-04 2.2750E-03 2.5148E-03 2.6549E-03 2.9202E-03 2.5302E-03 2.5230E-03 2.3489E-03
C14 3.9886E-05 1.6903E-05 2.9091E-05 1.3286E-05 3.7816E-13 6.1831E-13 2.3416E-12 5.6309E-12 3.5049E-11
N13 8.1340E-14 1.1089E-13 1.0302E-13 1.2092E-11 5.0236E-14 7.6669E-14 4.9579E-14 6.1800E-14 3.9384E-14
N14 3.9230E-02 4.1039E-02 6.7973E-02 8.6059E-02 1.0735E-01 1.6137E-01 2.4202E-01 3.3461E-01 5.7103E-01
N15 1.9311E-05 2.2016E-05 9.1011E-06 7.1095E-06 6.3966E-06 8.5546E-06 1.3391E-05 1.7026E-05 3.0993E-05
N16 3.9085E-27 1.6304E-23 5.2559E-23 1.9927E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 1.4078E-15 9.5126E-14 1.0515E-13 1.8824E-14 1.5525E-15 2.1933E-15 3.4609E-15 5.5712E-15 6.3392E-15
O16 1.3132E+00 1.9261E+00 2.6180E+00 3.6419E+00 1.0440E-01 1.3790E-01 2.2862E-01 3.5022E-01 3.4542E-01
O17 6.0271E-05 4.8186E-05 7.2572E-05 7.5601E-05 2.8752E-05 3.3774E-05 3.8537E-05 4.3400E-05 6.3648E-05
O18 1.0343E-03 8.9241E-05 7.1036E-05 8.0545E-05 8.3390E-05 9.1915E-05 1.3246E-04 1.5105E-04 3.2317E-04
O19 1.6818E-20 4.3792E-20 2.9551E-19 3.5605E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 6.2412E-18 7.6162E-17 1.1897E-18 9.4529E-19 1.3980E-18 1.5833E-18 1.6239E-18 2.1103E-18 1.5464E-18
F18 4.7906E-07 6.5438E-07 2.1887E-07 4.9849E-08 2.5504E-19 2.9504E-19 3.6283E-19 4.7722E-19 3.2125E-19
F19 1.4448E-05 6.5103E-04 1.1413E-04 1.5908E-05 4.6502E-06 6.8404E-06 1.9602E-05 1.3630E-05 2.6429E-05
F20 1.8398E-21 3.3280E-17 4.7584E-17 3.1556E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 3.4340E-02 6.0858E-02 1.0938E-01 3.6244E-01 2.1331E-02 2.9730E-02 4.5868E-02 6.2004E-02 1.0388E-01
Ne21 2.3028E-04 4.8061E-04 6.4242E-04 7.5906E-04 1.1486E-04 1.3149E-04 1.4588E-04 1.6066E-04 1.6983E-04
Ne22 2.2715E-02 3.1551E-02 2.7964E-02 3.9361E-02 9.6431E-03 1.7518E-02 4.7599E-02 7.6776E-02 1.2013E-01
Ne23 2.9754E-14 7.8093E-14 4.1229E-13 5.6336E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 7.9722E-15 6.8839E-15 2.8887E-14 3.8250E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 1.2715E-07 2.6350E-07 4.9474E-07 9.4936E-07 5.6389E-18 9.8530E-18 2.1598E-17 3.8181E-17 2.1904E-17
Na23 1.4706E-03 1.8254E-03 3.0758E-03 7.2761E-03 2.2428E-03 3.5098E-03 5.9489E-03 8.5665E-03 1.5592E-02
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Na24 4.4076E-06 1.8941E-06 8.3526E-06 5.9071E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 5.5282E-14 1.2426E-13 2.3779E-13 7.7238E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.3753E-02 1.6201E-02 3.6688E-02 9.9776E-02 1.0427E-02 1.4593E-02 2.2628E-02 3.0716E-02 5.1991E-02
Mg25 4.2180E-03 1.3201E-02 1.3303E-02 1.8598E-02 6.2206E-04 7.3699E-04 1.0231E-03 1.3425E-03 1.8959E-03
Mg26 4.3926E-03 1.0228E-02 1.1711E-02 1.6647E-02 2.1758E-03 3.1321E-03 4.8336E-03 6.4706E-03 9.9538E-03
Mg27 9.5620E-12 1.5882E-11 3.8762E-11 4.3594E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 1.1546E-17 9.1092E-18 3.6331E-17 4.2647E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 1.9565E-05 2.8676E-05 8.2157E-05 1.3636E-04 1.3911E-05 3.0391E-05 9.5023E-05 2.1498E-04 5.3049E-04
Alg6 5.6555E-06 5.2459E-06 8.9899E-06 9.8976E-06 1.3911E-05 3.0391E-05 9.5023E-05 2.1498E-04 5.3049E-04
Alm6 8.7212E-14 9.6619E-11 4.5049E-11 8.6195E-13 2.3674E-23 2.7059E-23 3.7167E-23 5.3033E-23 6.0332E-24
Al27 1.8108E-03 2.2424E-03 4.4459E-03 1.3111E-02 1.2493E-03 1.8068E-03 3.0003E-03 4.2728E-03 8.1609E-03
Al28 3.8607E-13 2.3177E-11 1.3406E-12 1.7130E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 3.5516E-18 4.5904E-14 1.7663E-16 1.8304E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 9.9558E-02 1.1004E-01 2.1974E-01 2.8459E-01 1.1544E-02 1.6158E-02 2.5062E-02 3.3997E-02 5.7530E-02
Si29 2.5495E-03 3.2355E-03 5.8399E-03 8.3614E-03 6.0757E-04 8.5073E-04 1.3213E-03 1.7946E-03 3.0306E-03
Si30 3.8621E-03 4.1917E-03 6.8335E-03 1.4187E-02 4.1458E-04 5.8062E-04 9.0221E-04 1.2275E-03 2.0740E-03
Si31 1.6631E-07 1.8973E-07 2.5822E-07 2.4348E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 1.2200E-07 7.4333E-08 1.5599E-07 3.0523E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 1.0388E-18 3.6162E-19 3.9556E-18 8.2559E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 6.8377E-13 4.1840E-11 6.1732E-12 1.5719E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 9.0260E-04 1.0356E-03 2.1773E-03 3.0462E-03 1.1046E-04 1.5479E-04 2.4092E-04 3.3009E-04 5.5695E-04
P32 2.1917E-06 3.7403E-06 5.3411E-06 4.5370E-06 2.3293E-32 3.4580E-32 3.3375E-32 8.5361E-32 2.1544E-32
P33 1.4772E-06 1.9300E-06 3.2730E-06 2.6753E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 3.1292E-19 2.1035E-18 1.0796E-18 3.2980E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 7.6634E-22 7.3955E-17 5.9449E-20 8.9528E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 4.5735E-02 4.9862E-02 8.6271E-02 9.5790E-02 5.5287E-03 7.7370E-03 1.1992E-02 1.6245E-02 2.7499E-02
S33 5.0754E-04 6.2689E-04 1.3824E-03 1.4669E-03 4.8429E-05 6.9342E-05 1.1508E-04 1.7432E-04 2.8092E-04
S34 4.2614E-03 5.3190E-03 9.9255E-03 1.0465E-02 2.6571E-04 3.7201E-04 5.7733E-04 7.8483E-04 1.3262E-03
S35 3.0260E-06 5.0671E-06 6.1843E-06 4.5782E-06 1.5631E-31 2.3156E-31 2.2505E-31 5.3854E-31 1.4315E-31
S36 3.4727E-06 4.6842E-06 5.8574E-06 6.0562E-06 1.3110E-06 1.8350E-06 2.8458E-06 3.8593E-06 6.5297E-06
S37 1.3304E-17 2.3525E-17 8.2420E-17 9.7971E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 5.6843E-22 1.2426E-22 7.8133E-22 3.4614E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 3.0797E-22 1.6228E-21 5.7434E-22 3.0045E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 3.4742E-04 3.8408E-04 7.9568E-04 7.2860E-04 1.1559E-04 1.6166E-04 2.5006E-04 3.3731E-04 5.7173E-04
Cl36 4.3239E-06 6.3541E-06 8.7013E-06 1.0497E-05 1.1621E-07 2.5381E-07 8.5980E-07 2.3204E-06 3.4380E-06
Cl37 6.0149E-05 8.5725E-05 1.1050E-04 1.6455E-04 4.1209E-05 5.8768E-05 9.6285E-05 1.4516E-04 2.3686E-04
Cl38 1.5859E-10 1.3009E-10 3.8363E-10 1.0449E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 7.8140E-03 7.5187E-03 1.2352E-02 1.4272E-02 1.0548E-03 1.4753E-03 2.2832E-03 3.0827E-03 5.2238E-03
Ar37 3.3910E-05 5.8337E-05 9.3980E-05 7.4212E-05 1.0611E-24 1.5822E-21 1.2782E-21 1.7491E-19 5.0238E-21
Ar38 2.1988E-03 3.1406E-03 4.2758E-03 4.1162E-03 2.0269E-04 2.8364E-04 4.3970E-04 5.9585E-04 1.0084E-03
Ar39 1.7725E-06 4.0264E-06 7.9250E-06 6.0642E-06 1.0358E-24 4.3730E-24 3.8998E-25 2.5927E-24 7.5274E-27
Ar40 1.1497E-06 1.6155E-06 3.6986E-06 2.2850E-06 3.4139E-07 4.7783E-07 7.4115E-07 1.0177E-06 1.7371E-06
Ar41 4.4426E-09 2.7652E-09 1.1077E-08 6.4813E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 3.7658E-29 1.0923E-31 1.3600E-29 1.0788E-26 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 1.1277E-14 1.4837E-13 2.3467E-13 3.1428E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 1.7479E-04 2.5322E-04 3.0287E-04 3.0180E-04 5.3773E-05 7.5269E-05 1.1676E-04 1.5846E-04 2.6809E-04
K40 1.5682E-06 2.6535E-06 2.9704E-06 4.2986E-06 2.0584E-07 3.5090E-07 8.3887E-07 1.8405E-06 2.6841E-06
K41 3.5311E-06 5.1628E-06 6.7571E-06 8.9366E-06 4.0918E-06 5.7240E-06 8.8738E-06 1.2194E-05 2.0472E-05
K42 3.0928E-07 3.2787E-07 6.5152E-07 1.3613E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 6.7152E-03 5.3209E-03 8.8486E-03 1.1521E-02 1.1703E-03 1.6373E-03 2.5355E-03 3.4278E-03 5.8059E-03
Ca41 1.6732E-05 2.4308E-05 2.9449E-05 3.5523E-05 1.3571E-06 2.6211E-06 7.4270E-06 1.7958E-05 2.6175E-05
Ca42 8.3167E-05 1.3685E-04 1.5562E-04 1.6306E-04 8.3722E-06 1.1814E-05 1.8805E-05 2.8563E-05 4.6220E-05
Ca43 4.0870E-06 7.9954E-06 1.2714E-05 1.6304E-05 1.7622E-06 2.4720E-06 3.8678E-06 5.5254E-06 9.0884E-06
Ca44 2.4741E-05 4.1070E-05 5.5401E-05 7.6252E-05 2.7714E-05 3.8780E-05 6.0091E-05 8.1461E-05 1.3779E-04
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ca45 1.7355E-06 5.0128E-06 9.2702E-06 2.5203E-06 8.0239E-31 1.1878E-30 1.1600E-30 2.6743E-30 7.3044E-31
Ca46 1.6259E-06 2.7928E-06 7.2579E-06 8.8815E-07 5.5544E-08 7.7712E-08 1.2037E-07 1.6286E-07 2.7588E-07
Ca47 5.0521E-07 2.9666E-07 1.2418E-06 2.4128E-08 3.0401E-35 4.4996E-35 4.3562E-35 9.3769E-35 2.7619E-35
Ca48 1.5047E-06 1.6244E-06 2.3153E-06 2.8530E-06 2.7121E-06 3.7958E-06 5.8857E-06 7.9787E-06 1.3502E-05
Ca49 2.5016E-16 4.3483E-16 1.5059E-15 1.8563E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 6.9544E-42 1.0927E-45 1.2997E-42 1.5571E-33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 1.7910E-34 1.9147E-37 6.6309E-35 8.7760E-34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 2.7985E-08 3.6546E-09 3.7103E-08 4.1737E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 4.9434E-09 6.3956E-09 1.3955E-08 1.8579E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 1.9540E-06 3.4174E-06 3.6493E-06 9.7729E-06 9.0539E-07 1.2819E-06 2.0572E-06 2.9165E-06 4.8518E-06
Sc46 3.5731E-07 9.0236E-07 7.9081E-07 1.6641E-06 2.9587E-31 4.4734E-31 4.2752E-31 1.7601E-30 2.9457E-31
Sc47 4.9841E-07 8.0154E-07 1.6477E-06 4.8227E-07 2.3168E-35 3.4291E-35 3.3204E-35 7.1467E-35 2.1049E-35
Sc48 4.2099E-07 4.0448E-07 9.8060E-07 9.4108E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 1.7648E-09 9.4288E-10 3.5458E-09 6.9114E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 2.8268E-05 1.9186E-06 2.7928E-05 3.5065E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 5.9886E-08 7.6787E-08 8.8375E-08 9.7424E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 3.6251E-05 8.4261E-05 5.9974E-05 7.3209E-05 4.6731E-06 6.5416E-06 1.0150E-05 1.3838E-05 2.3367E-05
Ti47 4.7946E-06 7.1178E-06 8.4425E-06 1.4653E-05 4.2678E-06 5.9551E-06 9.1499E-06 1.2240E-05 2.0783E-05
Ti48 2.4762E-05 3.0753E-05 3.7144E-05 5.4259E-05 4.3324E-05 6.0512E-05 9.3247E-05 1.2497E-04 2.1228E-04
Ti49 5.3893E-06 9.8061E-06 9.7248E-06 1.3848E-05 3.5321E-06 5.0850E-06 8.5439E-06 1.2959E-05 2.1219E-05
Ti50 7.8899E-06 1.9402E-05 1.8102E-05 2.2630E-05 3.2244E-06 4.5340E-06 7.1358E-06 1.0182E-05 1.6875E-05
Ti51 4.9200E-14 9.9969E-14 2.2883E-13 2.5845E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 5.4824E-47 3.3772E-46 1.3474E-46 4.3030E-46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 7.4586E-49 1.1227E-44 1.8213E-47 4.0199E-46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 1.6306E-10 6.8731E-11 1.8254E-10 2.3219E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 9.5619E-08 2.2252E-07 1.9927E-07 2.6691E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 4.3212E-06 6.5493E-06 6.2268E-06 8.5390E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 4.3127E-07 5.9558E-07 8.4419E-07 1.0765E-06 1.4550E-08 2.0291E-08 3.1125E-08 4.1434E-08 7.0501E-08
V51 5.0526E-06 7.2291E-06 8.4257E-06 9.3377E-06 6.0389E-06 8.4813E-06 1.3286E-05 1.8062E-05 3.0522E-05
V52 1.8304E-14 1.4280E-13 8.0560E-14 2.4239E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 7.7043E-05 1.8884E-06 7.5316E-05 1.0307E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 7.8903E-09 1.1687E-08 8.3861E-09 1.0975E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 6.8022E-05 3.8568E-03 1.1070E-04 1.1535E-04 1.2962E-05 1.8073E-05 2.7706E-05 3.6855E-05 6.2712E-05
Cr51 1.0494E-05 1.5096E-04 1.3944E-05 1.6285E-05 4.2464E-25 6.4116E-22 5.6723E-22 5.8292E-20 3.0154E-21
Cr52 1.5586E-04 3.6354E-03 2.3986E-04 3.0660E-04 2.6247E-04 3.6723E-04 5.6886E-04 7.6992E-04 1.3039E-03
Cr53 1.5149E-05 1.7983E-05 2.3684E-05 3.0792E-05 3.0215E-05 4.2225E-05 6.5203E-05 8.7659E-05 1.4840E-04
Cr54 1.1960E-05 1.8526E-05 2.6723E-05 3.4133E-05 8.1729E-06 1.1682E-05 1.9253E-05 2.8999E-05 4.7471E-05
Cr55 3.1481E-14 6.5381E-14 2.3072E-13 2.9303E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 3.2922E-57 8.4515E-54 9.2340E-57 3.4074E-55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 2.2924E-08 5.9998E-08 2.3968E-08 2.8127E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 1.5503E-04 3.2133E-05 1.4944E-04 2.2131E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 7.1656E-05 2.0508E-03 8.1052E-05 1.0254E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 4.2082E-07 6.2997E-06 9.6139E-07 9.3968E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.1189E-04 1.0938E-04 1.4785E-04 1.9563E-04 2.1096E-04 2.9853E-04 4.7782E-04 6.6667E-04 1.1159E-03
Mn56 3.4220E-08 4.5736E-08 9.7092E-08 7.5366E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 1.5566E-19 4.6397E-17 4.6110E-18 6.6741E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 4.6932E-04 4.3400E-05 4.5027E-04 6.6746E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 3.8941E-14 3.7029E-13 4.6494E-13 7.5797E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 3.5146E-03 2.7667E-01 4.9587E-03 5.8175E-03 1.3688E-03 1.9108E-03 2.9399E-03 3.9279E-03 6.6754E-03
Fe55 9.5570E-05 8.2661E-03 1.3015E-04 1.5763E-04 6.0703E-14 3.4410E-13 1.9429E-11 3.4710E-10 8.4228E-10
Fe56 1.1276E-02 3.6428E-02 1.6157E-02 2.1236E-02 2.2415E-02 3.1355E-02 4.8552E-02 6.5661E-02 1.1124E-01
Fe57 4.0711E-04 5.5422E-04 6.8142E-04 9.6452E-04 5.5263E-04 7.8705E-04 1.2851E-03 1.8679E-03 3.0705E-03
Fe58 3.4807E-04 6.7895E-04 1.0684E-03 1.4112E-03 8.0254E-05 1.1736E-04 2.0694E-04 3.7962E-04 5.6890E-04
Fe59 3.6072E-05 1.2546E-04 3.6090E-04 7.7849E-05 1.8970E-30 2.9772E-30 2.7445E-30 5.7115E-29 2.9753E-30
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Fe60 8.0716E-05 7.0059E-05 4.2015E-04 1.6791E-05 6.8041E-13 1.3021E-12 1.4812E-11 2.8111E-10 7.1848E-10
Fe61 1.6237E-14 2.7936E-15 7.5466E-14 1.5251E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 2.8090E-60 3.9238E-60 4.7817E-60 6.4183E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 2.7555E-04 8.5724E-04 2.6962E-04 3.4393E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 2.1338E-06 1.2530E-04 2.4748E-06 2.7774E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 1.3260E-04 1.1886E-03 1.3387E-04 1.3663E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 3.1760E-07 2.1587E-06 9.7411E-07 3.6421E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 1.2572E-04 1.5656E-04 2.0103E-04 5.7307E-04 7.9643E-05 1.1144E-04 1.7300E-04 2.4129E-04 4.0084E-04
Co60 1.7386E-05 2.5314E-05 4.8574E-05 5.4134E-05 1.2492E-18 2.3857E-18 2.7067E-17 5.1321E-16 1.3133E-15
Co61 2.6000E-06 1.5130E-06 5.9675E-06 1.3815E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 7.0000E-02 2.8995E-03 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.4678E-03 7.0431E-04 2.3713E-03 2.3330E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 4.9625E-03 2.5784E-02 5.1972E-03 5.4101E-03 8.9970E-04 1.2564E-03 1.9347E-03 2.5917E-03 4.4046E-03
Ni59 1.4874E-04 1.9650E-04 1.4123E-04 1.5933E-04 3.9273E-06 7.5978E-06 2.1549E-05 4.1320E-05 6.3275E-05
Ni60 1.7771E-03 1.2092E-03 2.0372E-03 2.4176E-03 3.6049E-04 5.0454E-04 7.8258E-04 1.0696E-03 1.8033E-03
Ni61 1.4773E-04 1.1592E-04 2.8464E-04 2.9070E-04 1.7535E-05 2.5371E-05 4.3257E-05 6.6877E-05 1.0827E-04
Ni62 2.9672E-04 4.3046E-04 6.9251E-04 1.0348E-03 5.2101E-05 7.3195E-05 1.1488E-04 1.6330E-04 2.7093E-04
Ni63 3.8983E-05 9.8410E-05 1.4767E-04 1.7210E-04 1.1176E-25 6.0746E-25 1.4814E-25 6.7413E-25 8.4092E-27
Ni64 1.4311E-04 2.7031E-04 3.8977E-04 3.8184E-04 1.3609E-05 1.9063E-05 2.9645E-05 4.0818E-05 6.8682E-05
Ni65 1.6225E-06 1.6514E-06 6.4002E-06 3.7012E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 2.8090E-60 3.9238E-60 4.7817E-60 6.4183E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 1.2801E-37 6.8378E-33 9.5961E-35 3.4923E-32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 1.5358E-19 1.8171E-18 3.3200E-18 5.6179E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 4.2673E-08 2.0849E-13 3.9992E-08 3.8873E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 3.0428E-05 6.1310E-08 2.8605E-05 2.7706E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 3.4963E-07 5.0263E-11 3.7248E-07 3.6179E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 3.2714E-05 4.6583E-05 6.5366E-05 1.2854E-04 9.5937E-06 1.3567E-05 2.1718E-05 3.2278E-05 5.2905E-05
Cu64 2.4282E-06 3.2688E-06 6.7284E-06 1.0907E-05 3.1821E-32 4.8001E-32 4.5428E-32 2.9370E-31 3.3208E-32
Cu65 8.5442E-05 1.6098E-04 2.0649E-04 2.5045E-04 4.4511E-06 6.3157E-06 1.0204E-05 1.4910E-05 2.4368E-05
Cu66 2.5063E-12 9.1234E-12 2.0480E-11 2.4170E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 3.8205E-22 5.0112E-23 3.8188E-22 4.3262E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 1.9866E-24 1.9621E-21 2.0734E-22 2.9528E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 5.6415E-04 7.1271E-08 5.6587E-04 5.5455E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 1.2613E-09 1.6149E-12 1.1436E-09 1.6029E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 3.3161E-05 4.1563E-05 6.5882E-05 1.0756E-04 1.5546E-05 2.1728E-05 3.3560E-05 4.5758E-05 7.7039E-05
Zn65 5.7399E-06 7.0534E-06 1.2328E-05 2.0462E-05 2.0045E-27 5.9509E-27 5.8996E-27 1.2886E-26 1.3126E-27
Zn66 1.1113E-04 2.0266E-04 3.1903E-04 3.2520E-04 9.2115E-06 1.2882E-05 1.9930E-05 2.7116E-05 4.5829E-05
Zn67 9.2015E-06 2.4137E-05 2.1850E-05 4.4913E-05 1.3904E-06 1.9525E-06 3.0594E-06 4.2028E-06 7.0799E-06
Zn68 5.5688E-05 1.9140E-04 1.3541E-04 2.6904E-04 6.4191E-06 8.9982E-06 1.4021E-05 1.9233E-05 3.2405E-05
Zn69 9.0693E-09 4.5141E-08 1.8754E-08 3.4321E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 1.6602E-05 5.0197E-05 4.2495E-05 1.0452E-05 2.1678E-07 3.0294E-07 4.6768E-07 6.2844E-07 1.0667E-06
Zn71 6.5361E-19 2.6823E-18 1.1144E-17 1.5820E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 2.8090E-60 3.9238E-60 4.7817E-60 6.4183E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 2.7339E-32 2.8655E-29 3.2564E-30 1.3083E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 5.4112E-26 1.5263E-23 8.1543E-24 1.0865E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 2.4720E-13 1.5928E-14 2.5061E-13 2.6926E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 5.1836E-06 1.9586E-10 5.4591E-06 5.1157E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 1.0563E-07 4.6366E-08 5.8496E-07 3.4454E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 5.2468E-10 3.2475E-10 3.3611E-09 2.0814E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 1.0154E-05 3.2702E-05 2.9260E-05 4.5570E-05 6.3829E-07 8.9837E-07 1.4163E-06 1.9765E-06 3.3193E-06
Ga70 2.5832E-11 5.2640E-11 8.0998E-11 9.8332E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 1.1093E-05 3.4888E-05 2.9035E-05 3.7060E-05 4.3359E-07 6.0940E-07 9.5707E-07 1.3393E-06 2.2384E-06
Ga72 1.0303E-06 4.1343E-06 2.5573E-06 1.4105E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 1.7907E-34 5.5089E-32 4.0742E-32 1.7286E-31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ge65 1.6008E-35 4.8860E-31 4.1953E-32 1.8737E-31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.0349E-06 1.5707E-14 1.0887E-06 1.0208E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 9.4789E-15 1.9304E-17 9.2153E-15 1.3838E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 3.0186E-08 4.2123E-08 1.8603E-07 1.7171E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 6.5589E-09 1.0753E-08 4.4801E-08 4.1228E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 1.4354E-05 4.1205E-05 5.4776E-05 6.2037E-05 9.0657E-07 1.2723E-06 1.9890E-06 2.7688E-06 4.6466E-06
Ge71 1.2824E-06 3.8022E-06 5.2793E-06 5.0853E-06 3.5638E-32 5.2998E-32 5.1029E-32 1.6013E-31 3.3819E-32
Ge72 1.5612E-05 5.0134E-05 5.5198E-05 6.0273E-05 1.2199E-06 1.7058E-06 2.6381E-06 3.5867E-06 6.0562E-06
Ge73 2.5738E-06 8.6123E-06 6.9838E-06 1.1750E-05 3.4737E-07 4.8584E-07 7.5195E-07 1.0197E-06 1.7224E-06
Ge74 1.2744E-05 5.3029E-05 3.5341E-05 6.3222E-05 1.6615E-06 2.3281E-06 3.6229E-06 4.9406E-06 8.3404E-06
Ge75 3.6077E-09 3.1673E-08 6.3958E-09 2.7287E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 3.0983E-06 2.4151E-05 8.4707E-06 6.7458E-06 3.5535E-07 4.9658E-07 7.6649E-07 1.0297E-06 1.7478E-06
Ge77 7.4717E-07 2.1106E-06 2.0299E-06 3.4975E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 2.9503E-10 3.8900E-10 2.7389E-09 1.7635E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 4.5319E-10 6.3770E-10 5.8125E-09 3.9691E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 1.1092E-07 1.5090E-07 6.6969E-07 4.1290E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 1.9156E-08 3.2418E-08 1.5572E-07 9.9963E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 3.1626E-06 1.4239E-05 1.0215E-05 1.5790E-05 2.0599E-07 2.8797E-07 4.4503E-07 6.0364E-07 1.0210E-06
As76 5.9211E-08 2.7108E-07 2.2636E-07 5.7290E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 1.0840E-06 9.9848E-06 4.3653E-06 4.7831E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 9.7259E-07 3.1116E-06 5.1165E-06 3.7954E-06 1.9377E-08 2.6864E-08 4.0439E-08 5.3568E-08 9.1390E-08
Se75 4.6842E-08 1.3990E-07 2.9156E-07 2.6552E-07 2.7423E-32 3.9744E-32 3.9424E-32 5.4418E-32 2.4035E-32
Se76 4.1478E-06 1.5711E-05 1.7791E-05 1.7094E-05 2.2023E-07 3.1074E-07 4.9363E-07 6.8622E-07 1.1515E-06
Se77 1.0498E-06 4.6109E-06 3.2910E-06 4.1485E-06 1.7678E-07 2.4708E-07 3.8139E-07 5.1992E-07 8.7960E-07
Se78 5.9202E-06 2.2284E-05 1.8232E-05 2.2053E-05 5.6533E-07 7.9395E-07 1.2439E-06 1.7224E-06 2.8930E-06
Se79 8.0491E-07 2.8776E-06 2.8034E-06 3.3234E-06 4.0712E-14 6.8961E-14 1.7130E-13 5.1332E-13 2.6575E-12
Se80 3.1716E-06 1.3377E-05 1.2649E-05 1.6400E-05 1.1901E-06 1.6610E-06 2.5537E-06 3.4185E-06 5.8220E-06
Se81 1.7176E-12 2.9022E-13 1.9588E-12 2.0626E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 8.9637E-07 6.6868E-06 2.1042E-06 4.0585E-06 2.1591E-07 3.0197E-07 4.6727E-07 6.3071E-07 1.0689E-06
Se83 1.3373E-12 3.6624E-12 3.6590E-12 8.9741E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 4.6607E-14 1.6836E-13 6.2201E-13 2.4664E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 1.4942E-11 1.8765E-11 1.6791E-10 1.2603E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 1.9897E-09 4.5946E-09 1.9513E-08 1.0440E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 4.8246E-16 9.6235E-14 1.3919E-14 3.9368E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 3.1653E-07 1.1103E-06 8.9817E-07 1.2651E-06 1.8755E-07 2.6049E-07 3.9420E-07 5.3039E-07 9.0243E-07
Br80 2.9411E-12 1.2450E-11 1.3721E-11 1.5215E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 7.6433E-07 3.5014E-06 2.8949E-06 4.2851E-06 1.9227E-07 2.6919E-07 4.1774E-07 5.6127E-07 9.5183E-07
Br82 1.1680E-08 5.8696E-08 3.2386E-08 1.6542E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 4.5538E-08 3.3965E-07 1.3543E-07 2.9103E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 6.1432E-08 1.8395E-07 2.0601E-07 1.8336E-07 6.7574E-09 9.3688E-09 1.4107E-08 1.8683E-08 3.1890E-08
Kr79 2.6239E-09 8.4467E-09 8.1671E-09 8.0138E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 7.3549E-07 2.7595E-06 1.5775E-06 2.6059E-06 4.9857E-08 7.1795E-08 1.2133E-07 1.7309E-07 2.8263E-07
Kr81 1.4868E-07 6.2318E-07 2.5251E-07 5.9633E-07 1.4310E-09 2.9220E-09 9.2322E-09 1.6996E-08 2.4033E-08
Kr82 2.0456E-06 8.7944E-06 6.4005E-06 7.3713E-06 2.4414E-07 3.4659E-07 5.5986E-07 8.0450E-07 1.3333E-06
Kr83 1.0787E-06 5.2676E-06 3.1403E-06 4.6087E-06 2.3273E-07 3.2456E-07 4.9774E-07 6.7910E-07 1.1454E-06
Kr84 3.8960E-06 1.5346E-05 1.0591E-05 1.3545E-05 1.1719E-06 1.6394E-06 2.5388E-06 3.4356E-06 5.8075E-06
Kr85 7.7338E-07 3.2571E-06 2.6240E-06 3.0036E-06 1.3136E-29 1.9596E-29 2.3526E-29 4.8782E-29 1.1986E-29
Kr86 1.8021E-06 1.1784E-05 6.8929E-06 7.6834E-06 3.6334E-07 5.0845E-07 7.8812E-07 1.0680E-06 1.8083E-06
Kr87 2.0240E-10 5.5357E-10 5.4715E-10 3.0104E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 1.5840E-17 1.8594E-16 1.7602E-16 1.8453E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 2.2406E-22 6.4216E-19 1.2241E-20 1.5688E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 2.8147E-12 1.5928E-11 2.1034E-11 1.0272E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 1.2117E-12 3.9065E-12 1.2639E-11 9.8932E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 1.8999E-09 1.0994E-08 8.7920E-09 1.2388E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Rb84 1.4613E-10 6.9910E-10 7.8047E-10 1.1549E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 4.7586E-07 2.0109E-06 1.0607E-06 1.8386E-06 2.7421E-07 3.8315E-07 5.9122E-07 7.9677E-07 1.3507E-06
Rb86 1.1246E-07 4.8424E-07 4.1651E-07 4.8867E-07 6.3598E-32 9.3903E-32 9.1198E-32 1.9292E-31 5.7325E-32
Rb87 8.0634E-07 7.0656E-06 3.6430E-06 3.9926E-06 1.1585E-07 1.6208E-07 2.5100E-07 3.3929E-07 5.7469E-07
Rb88 1.0291E-13 8.7256E-14 1.4687E-13 7.6143E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 5.9631E-08 3.5158E-07 1.8782E-07 1.9238E-07 4.6688E-09 6.4699E-09 9.7287E-09 1.2892E-08 2.1998E-08
Sr85 2.5713E-09 1.8571E-08 8.2302E-09 1.1196E-08 3.7385E-33 5.4125E-33 5.3709E-33 7.3826E-33 3.2791E-33
Sr86 8.5228E-07 3.9566E-06 1.4538E-06 2.9457E-06 9.6701E-08 1.4025E-07 2.4035E-07 3.6742E-07 5.9952E-07
Sr87 5.6969E-07 2.3178E-06 8.5162E-07 1.8958E-06 6.3399E-08 8.9795E-08 1.4419E-07 2.1697E-07 3.5523E-07
Sr88 3.8204E-06 2.0871E-05 8.5088E-06 1.2311E-05 7.4631E-07 1.0453E-06 1.6251E-06 2.2303E-06 3.7531E-06
Sr89 1.5418E-07 1.1149E-06 7.5960E-07 2.0423E-07 7.1023E-33 1.0528E-32 1.0206E-32 2.8632E-32 6.5960E-33
Sr90 1.3766E-07 7.8465E-07 6.5388E-07 5.1512E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 7.2107E-09 1.6579E-08 2.4511E-08 6.5583E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 7.6165E-14 6.1151E-13 1.7512E-13 1.0966E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 2.9126E-13 2.7624E-12 8.7681E-13 6.1972E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 8.9623E-11 1.0043E-09 3.8628E-10 3.0492E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 1.1803E-10 1.1332E-09 5.3192E-10 6.4053E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 5.6284E-07 2.5657E-06 1.0257E-06 1.9672E-06 1.9957E-07 2.7944E-07 4.3395E-07 5.9077E-07 9.9763E-07
Y90 2.8519E-09 1.9979E-08 5.4737E-09 1.9571E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 3.2518E-08 2.1454E-07 9.2357E-08 5.7380E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 4.6247E-07 1.7377E-06 8.4250E-07 1.3596E-06 2.4316E-07 3.4034E-07 5.2780E-07 7.1611E-07 1.2115E-06
Zr91 9.0243E-08 3.7331E-07 2.4002E-07 2.5951E-07 5.3704E-08 7.5217E-08 1.1689E-07 1.5894E-07 2.6850E-07
Zr92 1.2544E-07 5.3903E-07 3.4885E-07 4.1088E-07 8.3065E-08 1.1638E-07 1.8102E-07 2.4686E-07 4.1678E-07
Zr93 2.4240E-08 1.3192E-07 7.9982E-08 8.3493E-08 3.9083E-10 7.6141E-10 2.1873E-09 4.8870E-09 7.3396E-09
Zr94 9.5754E-08 3.4920E-07 2.4231E-07 2.6149E-07 8.5519E-08 1.1956E-07 1.8482E-07 2.5049E-07 4.2378E-07
Zr95 7.9306E-09 5.3693E-08 4.0617E-08 1.5007E-08 7.0173E-33 1.0368E-32 1.0090E-32 2.2623E-32 6.3874E-33
Zr96 2.7356E-08 1.3591E-07 1.4431E-07 1.6668E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr97 3.6003E-10 4.0550E-10 1.4919E-09 7.1902E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 2.7494E-10 6.0456E-10 5.5486E-10 1.0009E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 2.9605E-11 8.8284E-11 7.8630E-11 1.4498E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 1.6330E-08 1.8371E-08 2.4995E-08 3.2223E-08 3.6154E-08 5.0146E-08 7.5610E-08 1.0030E-07 1.7100E-07
Nb94 1.6969E-11 7.2455E-11 5.0027E-11 8.4759E-11 3.7676E-20 4.6997E-20 6.7891E-20 6.8838E-20 1.3187E-20
Nb95 4.4196E-10 2.0964E-09 1.2542E-09 1.2804E-09 3.8302E-33 5.6594E-33 5.5175E-33 1.2361E-32 3.4866E-33
Nb96 5.7589E-12 2.0186E-11 2.0064E-11 5.5142E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 2.7298E-11 3.2940E-11 1.1359E-10 6.2988E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 1.4116E-08 2.1590E-08 2.1984E-08 3.7283E-08 1.3821E-08 1.9253E-08 2.9433E-08 3.9066E-08 6.6522E-08
Mo93 1.8251E-10 7.8251E-10 5.2102E-10 1.1580E-09 5.6575E-17 3.0825E-16 6.0482E-15 3.6726E-14 3.0107E-14
Mo94 6.5126E-09 1.4372E-08 1.3820E-08 2.3654E-08 9.6446E-09 1.3793E-08 2.2798E-08 3.0498E-08 5.1495E-08
Mo95 8.7147E-09 1.4708E-08 1.2531E-08 2.0781E-08 1.5770E-08 2.2073E-08 3.4220E-08 4.6172E-08 7.8348E-08
Mo96 2.2684E-08 3.8664E-08 3.1829E-08 6.0528E-08 3.1015E-08 4.3478E-08 6.7729E-08 9.2239E-08 1.5602E-07
Mo97 6.8559E-09 1.3049E-08 1.1777E-08 1.8148E-08 9.8149E-09 1.3767E-08 2.1483E-08 2.9354E-08 4.9612E-08
Mo98 1.9731E-08 3.8103E-08 3.1762E-08 5.1656E-08 2.5273E-08 3.5492E-08 5.5582E-08 7.6754E-08 1.2928E-07
Xe132 5.4293E-08 9.3536E-08 8.4290E-08 1.3959E-07 8.3748E-08 1.1709E-07 1.8098E-07 2.4516E-07 4.1492E-07
Xe133 1.4275E-09 6.8380E-09 5.0771E-09 5.4774E-09 1.2598E-33 1.8614E-33 1.8056E-33 3.9575E-33 1.1458E-33
Xe134 1.9383E-08 4.6730E-08 4.8162E-08 3.8929E-08 3.1369E-08 4.3843E-08 6.7692E-08 9.1007E-08 1.5445E-07
Xe135 1.4194E-09 3.7769E-09 3.8381E-09 1.7342E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 1.1848E-08 1.6474E-08 1.7568E-08 2.4475E-08 2.1702E-08 3.0189E-08 4.5925E-08 6.1601E-08 1.0471E-07
Cs134 2.9692E-10 1.0264E-09 3.2345E-10 1.2308E-09 3.8723E-31 5.6523E-31 5.6821E-31 1.0021E-30 3.4696E-31
Cs135 2.0155E-09 8.8563E-09 6.3299E-09 3.5637E-09 1.7684E-11 3.8134E-11 1.2771E-10 2.3036E-10 4.3195E-10
Cs136 3.5441E-10 3.0867E-09 2.0277E-09 9.2751E-10 3.8738E-36 1.1596E-35 9.8876E-36 1.4328E-34 6.7852E-36
Cs137 8.6610E-10 1.5018E-08 1.9394E-08 1.9796E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 6.8400E-17 1.8036E-17 1.5367E-16 9.1680E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 8.2475E-09 1.4913E-08 1.1535E-08 2.2891E-08 7.5034E-09 1.0858E-08 1.8537E-08 2.6567E-08 4.3959E-08
Ba135 9.7564E-09 1.2203E-08 1.3849E-08 2.0463E-08 1.8330E-08 2.5525E-08 3.8935E-08 5.2564E-08 8.9244E-08
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ba136 2.2880E-08 4.1828E-08 3.0632E-08 6.7503E-08 2.3025E-08 3.2582E-08 5.2206E-08 7.4301E-08 1.2363E-07
Ba137 2.3365E-08 3.7893E-08 3.1269E-08 5.7554E-08 3.2137E-08 4.4970E-08 6.9700E-08 9.5393E-08 1.6077E-07
Ba138 1.5809E-07 2.8553E-07 2.9527E-07 4.0245E-07 2.0717E-07 2.9015E-07 4.5082E-07 6.1424E-07 1.0373E-06
Ba139 6.3121E-13 9.0030E-13 3.9811E-12 3.3673E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.2286E-11 1.5242E-11 2.0509E-11 2.7609E-11 2.1837E-11 3.0565E-11 4.7403E-11 6.4291E-11 1.0878E-10
La139 1.7143E-08 2.8902E-08 3.2881E-08 4.4190E-08 2.4164E-08 3.3829E-08 5.2503E-08 7.1362E-08 1.2063E-07
La140 1.4033E-11 1.7866E-11 9.0340E-11 7.0207E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 4.1567E-08 6.1301E-08 7.4575E-08 9.7829E-08 6.5054E-08 9.1067E-08 1.4129E-07 1.9184E-07 3.2444E-07
Ce141 5.2171E-10 3.7111E-09 9.4284E-09 1.1869E-09 8.3272E-34 1.2336E-33 1.1950E-33 2.7409E-33 7.6096E-34
Pr141 5.6598E-09 7.0189E-09 8.6854E-09 1.3261E-08 1.0141E-08 1.4154E-08 2.1769E-08 2.9228E-08 4.9580E-08
Pr142 5.1013E-11 7.5531E-11 1.7187E-10 7.7290E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 1.0867E-08 1.5707E-08 1.7890E-08 3.1496E-08 1.4065E-08 1.9743E-08 3.0884E-08 4.2313E-08 7.1379E-08
Nd143 3.0977E-09 3.6188E-09 4.5603E-09 6.4227E-09 6.1376E-09 8.5373E-09 1.2990E-08 1.7398E-08 2.9569E-08
Nd144 6.6694E-09 8.0360E-09 9.8061E-09 1.4353E-08 1.2428E-08 1.7399E-08 2.7009E-08 3.6393E-08 6.1667E-08
Hg202 7.8309E-09 1.0500E-08 1.1440E-08 1.7478E-08 1.2447E-08 1.7483E-08 2.7399E-08 3.7647E-08 6.3491E-08
Hg203 1.5969E-10 7.0270E-10 6.6002E-10 3.5357E-10 1.5990E-33 2.3846E-33 2.2952E-33 6.0568E-33 1.4747E-33
Hg204 1.9885E-09 2.6102E-09 4.5044E-09 2.5367E-09 2.8425E-09 3.9678E-09 6.1024E-09 8.1555E-09 1.3867E-08
Hg205 9.9541E-19 3.2472E-19 2.5180E-18 6.0077E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 3.8329E-09 4.8506E-09 5.6831E-09 8.9977E-09 6.5656E-09 9.1860E-09 1.4230E-08 1.9385E-08 3.2724E-08
Tl204 1.0009E-10 5.1703E-10 3.5117E-10 5.6577E-10 6.0766E-32 8.9916E-32 9.4864E-32 2.1630E-31 5.6048E-32
Tl205 8.5355E-09 1.0886E-08 1.3943E-08 1.6441E-08 1.5806E-08 2.2099E-08 3.4162E-08 4.6301E-08 7.8333E-08
Tl206 1.1137E-17 9.8762E-17 1.8026E-16 2.0075E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 3.1878E-09 3.5231E-09 3.7919E-09 7.9758E-09 3.2679E-09 4.6273E-09 7.4258E-09 1.0586E-08 1.7616E-08
Pb205 5.1527E-10 7.7729E-10 5.0815E-10 2.4454E-09 1.4039E-18 1.7248E-18 1.4057E-18 1.1192E-18 3.0162E-19
Pb206 1.9395E-08 2.8095E-08 3.3719E-08 4.8611E-08 2.9825E-08 4.1789E-08 6.5036E-08 8.8847E-08 1.4996E-07
Pb207 2.0254E-08 2.8044E-08 3.6117E-08 4.7029E-08 3.3082E-08 4.6315E-08 7.1875E-08 9.7669E-08 1.6512E-07
Pb208 5.6975E-08 7.3251E-08 9.9182E-08 1.2437E-07 9.5153E-08 1.3321E-07 2.0675E-07 2.8085E-07 4.7487E-07
Pb209 5.6694E-15 5.1823E-15 4.3408E-14 4.5500E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 4.0005E-10 7.5317E-10 6.7361E-10 1.3121E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 6.8073E-09 7.9363E-09 1.0798E-08 1.4072E-08 1.2889E-08 1.8038E-08 2.7961E-08 3.7873E-08 6.4096E-08
v=300 km/s - [Fe/H]=0
H 4.0545E+00 4.5888E+00 5.8135E+00 6.4478E+00 7.1206E+00 9.5572E+00 1.2871E+01 1.8603E+01 3.0992E+01
H2 1.8287E-16 1.9116E-14 2.3183E-11 5.4772E-10 2.3378E-10 8.4505E-09 2.0339E-07 4.7789E-07 1.2507E-07
H3 4.1458E-25 1.4767E-21 2.1076E-16 4.4137E-14 2.2477E-13 2.6664E-12 1.1431E-11 2.9671E-11 1.1888E-12
He3 1.4192E-04 1.5484E-04 1.6722E-04 1.9261E-04 2.0814E-04 2.8615E-04 3.6553E-04 4.2861E-04 4.9216E-04
He4 4.0927E+00 4.6027E+00 6.1732E+00 8.9749E+00 1.0951E+01 1.5509E+01 2.8967E+01 4.2100E+01 6.7827E+01
Li6 1.2639E-12 2.4433E-12 6.7020E-12 1.4866E-11 2.1427E-11 3.6597E-11 4.9865E-11 6.4745E-11 3.7353E-11
Li7 2.5282E-11 5.2942E-11 1.5151E-10 3.6257E-10 4.5252E-10 7.9603E-10 9.6751E-10 1.2918E-09 8.6755E-10
Be7 2.4950E-12 4.6335E-12 1.7328E-11 1.5975E-11 8.5683E-12 1.2912E-11 6.6640E-12 1.9360E-12 3.3270E-12
Be9 7.4941E-13 1.5203E-12 4.2991E-12 9.3818E-12 1.3420E-11 2.3729E-11 2.7609E-11 3.7704E-11 2.8161E-11
Be10 3.0987E-60 3.9361E-60 5.0797E-60 6.7282E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 4.9600E-12 1.0004E-11 2.8537E-11 6.1047E-11 8.7808E-11 1.5558E-10 1.8132E-10 2.5552E-10 1.9981E-10
B11 7.2389E-10 8.6012E-10 1.0219E-09 1.6327E-09 2.3231E-09 4.0848E-09 6.1103E-09 9.2888E-09 1.0921E-08
C12 5.3482E-01 5.4032E-01 1.0239E+00 1.5236E+00 3.8834E-01 6.6376E-01 8.6185E-01 8.9688E-01 1.0570E+00
C13 1.6218E-03 2.0256E-03 3.7757E-03 3.5555E-03 3.6930E-03 3.3088E-03 1.1268E-03 1.5376E-03 2.5011E-03
C14 4.1144E-05 3.9135E-04 1.1174E-03 1.1146E-05 2.1519E-12 1.9933E-12 7.8975E-12 6.0237E-13 1.2341E-12
N13 4.2034E-14 8.6299E-14 2.6659E-13 5.7980E-12 9.3120E-14 6.3830E-14 1.4517E-14 2.0209E-14 2.5653E-14
N14 5.2372E-02 7.3062E-02 1.3120E-01 1.0465E-01 1.3160E-01 1.7483E-01 2.8381E-01 4.3404E-01 7.4462E-01
N15 2.7643E-05 4.7546E-05 2.1742E-05 4.4385E-06 4.9232E-06 7.1972E-06 1.1456E-05 1.6413E-05 2.4298E-05
N16 1.2942E-26 7.3901E-26 3.1290E-24 2.2844E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 9.7252E-16 3.5296E-15 1.1712E-14 4.5162E-14 1.9207E-15 2.5296E-15 2.2573E-15 3.2966E-15 4.3234E-15
O16 1.4915E+00 1.9204E+00 2.9496E+00 3.9010E+00 9.8233E-02 1.3170E-01 1.2742E-01 1.3837E-01 1.6379E-01
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
O17 5.2929E-05 1.0439E-04 1.5315E-04 5.2737E-05 2.4813E-05 2.4214E-05 2.5784E-05 3.2002E-05 4.0101E-05
O18 9.3291E-05 6.8198E-04 9.5711E-04 6.0408E-05 5.7973E-05 7.2718E-05 1.6000E-04 1.5806E-04 1.3852E-04
O19 8.0454E-20 6.1491E-20 7.2943E-19 4.5417E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 2.1385E-18 1.1444E-17 3.2627E-17 1.0066E-18 1.8425E-18 1.4285E-18 5.6039E-19 8.0229E-19 1.0503E-18
F18 8.1995E-07 7.8529E-07 7.9504E-08 5.4921E-08 3.2203E-19 2.9082E-19 1.0590E-19 1.6220E-19 2.2036E-19
F19 5.1690E-04 1.1175E-04 1.2960E-04 1.0272E-05 4.9407E-06 1.0059E-05 1.9714E-05 1.1362E-05 1.2828E-05
F20 5.3647E-21 3.7291E-20 4.5575E-19 2.2794E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 8.4606E-02 9.0019E-02 9.0929E-02 4.9920E-01 2.1201E-02 2.9432E-02 4.8174E-02 6.9296E-02 1.1205E-01
Ne21 4.6156E-04 4.8515E-04 7.4314E-04 8.8484E-04 1.0989E-04 1.2292E-04 1.1883E-04 1.3989E-04 1.7148E-04
Ne22 3.1964E-02 6.1008E-02 1.0363E-01 4.4075E-02 1.3791E-02 2.7343E-02 4.8417E-02 5.0904E-02 5.6528E-02
Ne23 5.5491E-13 1.7995E-13 6.0162E-13 1.6131E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 6.5178E-15 7.0470E-15 1.4914E-14 2.8784E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 3.6283E-07 2.3866E-07 3.9866E-07 1.0093E-06 4.9922E-18 9.5174E-18 5.2263E-18 9.4045E-18 1.4241E-17
Na23 2.5212E-03 2.6707E-03 4.5076E-03 1.1175E-02 2.7148E-03 3.9774E-03 7.4713E-03 1.1140E-02 1.8684E-02
Na24 4.4688E-06 1.4649E-06 1.9805E-05 5.5916E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 1.3784E-13 6.3540E-14 6.0917E-13 3.0399E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 2.0183E-02 2.3646E-02 3.4144E-02 1.0810E-01 1.0444E-02 1.4551E-02 2.4094E-02 3.4767E-02 5.6346E-02
Mg25 9.8605E-03 1.1838E-02 1.5615E-02 2.2456E-02 4.6592E-04 5.5361E-04 6.6713E-04 8.0204E-04 9.8642E-04
Mg26 7.8210E-03 1.2056E-02 1.8469E-02 2.0936E-02 2.2750E-03 3.2148E-03 5.0619E-03 7.1759E-03 1.1346E-02
Mg27 2.3569E-11 2.9474E-11 9.4845E-11 3.2751E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 1.2717E-17 9.9322E-18 1.8408E-17 2.1017E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 4.3747E-05 6.2900E-05 5.3672E-05 1.2897E-04 2.1803E-05 3.8881E-05 1.4073E-04 3.1632E-04 8.5138E-04
Alg6 6.7318E-06 6.2029E-06 4.8034E-06 1.3200E-05 2.1803E-05 3.8881E-05 1.4073E-04 3.1632E-04 8.5138E-04
Alm6 1.7380E-12 1.5901E-11 1.5445E-12 6.1308E-14 2.6678E-23 3.3921E-23 7.4860E-24 4.9143E-24 2.4753E-24
Al27 2.6966E-03 3.3529E-03 5.7728E-03 1.5666E-02 1.3158E-03 1.9030E-03 3.5905E-03 5.3022E-03 8.8400E-03
Al28 7.5977E-13 6.2138E-13 1.5840E-10 4.7376E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 3.5748E-18 1.4605E-18 2.7331E-13 9.7869E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 1.1205E-01 2.5861E-01 2.3262E-01 2.7199E-01 1.1563E-02 1.6113E-02 2.6682E-02 3.8472E-02 6.2349E-02
Si29 2.5536E-03 4.3987E-03 1.0590E-02 8.6197E-03 6.0890E-04 8.4885E-04 1.4048E-03 2.0244E-03 3.2795E-03
Si30 2.4507E-03 5.8507E-03 1.6994E-02 1.3762E-02 4.1564E-04 5.7959E-04 9.5945E-04 1.3835E-03 2.2405E-03
Si31 9.8181E-08 2.3913E-07 8.8318E-07 2.5891E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 5.6936E-08 5.6296E-08 6.2144E-07 3.7077E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 1.0352E-18 3.2660E-19 1.9511E-18 9.7720E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 8.0885E-13 6.7876E-13 1.1288E-10 1.0559E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 7.5023E-04 1.7053E-03 3.4797E-03 3.0780E-03 1.1088E-04 1.5475E-04 2.5601E-04 3.7007E-04 5.9805E-04
P32 2.3626E-06 5.8446E-06 1.2828E-05 4.4641E-06 2.9706E-32 3.0983E-32 7.8346E-33 9.3057E-33 1.0891E-32
P33 1.6219E-06 8.4729E-06 6.7870E-06 2.2903E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 9.4798E-20 4.8357E-20 1.8772E-17 9.2770E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 5.5463E-24 6.5637E-23 2.9928E-16 3.7078E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 7.9839E-02 1.2403E-01 9.1865E-02 9.5670E-02 5.5359E-03 7.7118E-03 1.2771E-02 1.8410E-02 2.9845E-02
S33 8.3118E-04 1.3496E-03 1.5357E-03 1.4789E-03 5.0294E-05 7.2069E-05 1.1759E-04 1.7125E-04 2.6811E-04
S34 1.9507E-03 8.3857E-03 1.5927E-02 1.0549E-02 2.6625E-04 3.7108E-04 6.1424E-04 8.8600E-04 1.4353E-03
S35 3.6694E-06 1.7409E-05 1.5982E-05 5.2532E-06 1.9831E-31 2.0730E-31 5.2791E-32 6.2701E-32 7.3382E-32
S36 7.2266E-06 2.1659E-05 1.5626E-05 7.5392E-06 1.3131E-06 1.8297E-06 3.0295E-06 4.3677E-06 7.0786E-06
S37 6.1923E-17 3.0669E-17 1.2955E-16 3.5649E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 1.8134E-22 3.2320E-23 5.8491E-22 1.3750E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 1.0954E-22 1.0663E-23 1.1675E-20 2.4857E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 4.9294E-04 9.2636E-04 9.4480E-04 7.5186E-04 1.1561E-04 1.6092E-04 2.6659E-04 3.8401E-04 6.2332E-04
Cl36 6.2022E-06 1.8660E-05 1.4243E-05 1.1224E-05 2.0312E-07 4.2333E-07 6.5105E-07 1.0825E-06 1.2408E-06
Cl37 9.0462E-05 1.8496E-04 1.4905E-04 1.8513E-04 4.2583E-05 6.0777E-05 9.9418E-05 1.4592E-04 2.2877E-04
Cl38 7.5439E-11 2.0631E-10 5.3306E-10 7.3148E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 1.9264E-02 1.9359E-02 1.2590E-02 1.4624E-02 1.0553E-03 1.4691E-03 2.4335E-03 3.5060E-03 5.6891E-03
Ar37 1.0445E-04 9.6549E-05 7.5758E-05 7.2115E-05 3.5377E-21 5.2171E-23 1.3206E-21 3.5866E-22 3.5709E-23
Ar38 2.0211E-03 6.3751E-03 6.5484E-03 4.0636E-03 2.0295E-04 2.8272E-04 4.6817E-04 6.7495E-04 1.0942E-03
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ar39 6.2569E-06 3.1939E-05 6.0650E-06 7.5075E-06 4.7905E-25 2.2370E-24 4.7151E-27 2.9542E-27 3.6168E-27
Ar40 2.3066E-06 6.7921E-06 4.0105E-06 2.7851E-06 3.4190E-07 4.7646E-07 7.8940E-07 1.1474E-06 1.8550E-06
Ar41 1.8342E-09 4.2511E-09 2.4649E-08 7.1154E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 1.6121E-30 7.4532E-32 8.7704E-30 5.6773E-27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 2.7792E-17 3.3365E-14 2.1347E-13 2.1883E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 5.0616E-04 8.6514E-04 3.5968E-04 3.1058E-04 5.3867E-05 7.5070E-05 1.2429E-04 1.7923E-04 2.9041E-04
K40 5.2241E-06 1.8996E-05 4.2151E-06 4.7311E-06 2.7969E-07 4.7499E-07 7.2476E-07 1.1252E-06 1.4095E-06
K41 6.2302E-06 1.6972E-05 8.1808E-06 9.7193E-06 4.1053E-06 5.7100E-06 9.4232E-06 1.3658E-05 2.2096E-05
K42 4.1250E-07 1.4184E-06 1.0274E-06 1.1203E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 1.9290E-02 1.5297E-02 9.5005E-03 1.2085E-02 1.1712E-03 1.6310E-03 2.7014E-03 3.8926E-03 6.3143E-03
Ca41 1.0267E-04 1.0361E-04 2.9746E-05 3.6491E-05 2.1959E-06 4.0544E-06 6.0695E-06 9.6914E-06 1.0918E-05
Ca42 1.5412E-04 2.8266E-04 2.2728E-04 1.6725E-04 8.5194E-06 1.1956E-05 1.9561E-05 2.9262E-05 4.6455E-05
Ca43 1.1750E-05 2.4346E-05 1.1666E-05 1.8474E-05 1.7729E-06 2.4746E-06 4.0818E-06 5.9678E-06 9.6060E-06
Ca44 3.9931E-05 5.9615E-05 6.3066E-05 8.7246E-05 2.7745E-05 3.8645E-05 6.3999E-05 9.2276E-05 1.4961E-04
Ca45 4.1751E-06 3.2551E-06 7.3294E-06 1.8644E-06 1.0164E-30 1.0634E-30 2.7142E-31 3.2234E-31 3.7727E-31
Ca46 2.0106E-06 1.2731E-06 6.7472E-06 1.1518E-06 5.5594E-08 7.7424E-08 1.2823E-07 1.8483E-07 2.9977E-07
Ca47 1.3387E-07 7.8513E-08 2.2046E-06 2.8697E-08 3.8480E-35 4.0248E-35 1.0288E-35 1.2220E-35 1.4302E-35
Ca48 1.4224E-06 1.6013E-06 2.5148E-06 2.8483E-06 2.7161E-06 3.7844E-06 6.2664E-06 9.0338E-06 1.4642E-05
Ca49 1.0769E-15 5.4326E-16 1.2782E-15 9.3088E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 4.3091E-44 5.9381E-46 3.0230E-42 1.7899E-38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 6.8996E-36 6.4032E-38 7.5538E-35 3.0368E-34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 5.3057E-08 6.3432E-08 3.8516E-08 5.7397E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 1.2623E-07 2.2864E-07 9.6515E-09 1.6953E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 7.8636E-06 1.5018E-05 5.1822E-06 1.2605E-05 9.2313E-07 1.3070E-06 2.1533E-06 3.1012E-06 4.9396E-06
Sc46 1.0689E-06 1.7231E-06 1.3658E-06 1.3377E-06 3.9275E-31 4.0429E-31 9.6140E-32 1.1419E-31 1.3370E-31
Sc47 5.4062E-07 4.4480E-07 1.9393E-06 4.4997E-07 2.9326E-35 3.0674E-35 7.8407E-36 9.3132E-36 1.0899E-35
Sc48 1.6266E-07 4.9484E-08 1.6090E-06 1.0789E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 1.7958E-10 2.5159E-11 8.3917E-09 8.0850E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 3.6150E-05 6.0225E-06 3.2471E-05 4.5938E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 3.8433E-07 1.2934E-07 9.9853E-08 1.1479E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 5.9761E-05 1.3782E-04 9.2124E-05 7.6670E-05 4.6825E-06 6.5242E-06 1.0796E-05 1.5598E-05 2.5262E-05
Ti47 9.9300E-06 2.2325E-05 1.1944E-05 1.6477E-05 4.2530E-06 5.8993E-06 9.7818E-06 1.4092E-05 2.2962E-05
Ti48 2.7219E-05 4.6184E-05 4.4605E-05 5.6080E-05 4.3245E-05 6.0085E-05 9.9613E-05 1.4341E-04 2.3327E-04
Ti49 6.9341E-06 1.1490E-05 1.6888E-05 1.6838E-05 3.7003E-06 5.3536E-06 8.7486E-06 1.2713E-05 1.9697E-05
Ti50 1.2007E-05 2.1666E-05 4.0045E-05 2.9126E-05 3.2570E-06 4.5601E-06 7.5099E-06 1.0976E-05 1.7611E-05
Ti51 1.5520E-13 1.9638E-13 6.4096E-13 1.4591E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 1.1289E-47 9.0154E-50 1.9699E-45 4.5167E-45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 5.1619E-52 1.1452E-50 1.1113E-43 4.3152E-47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 1.9127E-10 2.1568E-10 2.1090E-10 3.0879E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 5.2754E-07 7.0064E-07 2.4478E-07 2.5495E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 8.6983E-06 3.4245E-05 7.0628E-06 7.9371E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 6.7402E-07 1.4614E-06 1.3195E-06 1.1507E-06 1.4486E-08 2.0080E-08 3.3314E-08 4.7946E-08 7.8208E-08
V51 4.3864E-06 9.9934E-06 1.6788E-05 1.0092E-05 6.0790E-06 8.5176E-06 1.4098E-05 2.0215E-05 3.2617E-05
V52 5.0054E-14 7.1948E-14 5.3682E-13 6.9891E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 7.6866E-05 9.0941E-05 8.5312E-05 1.1188E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 9.8941E-09 6.6224E-08 9.7395E-09 9.4539E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 1.0438E-04 2.6140E-03 1.4546E-04 1.1848E-04 1.2901E-05 1.7877E-05 2.9660E-05 4.2687E-05 6.9655E-05
Cr51 1.3933E-05 1.5769E-04 1.8864E-05 1.4674E-05 1.5360E-21 2.9553E-23 9.2832E-22 2.6932E-22 2.8978E-23
Cr52 1.4997E-04 7.5093E-04 2.8046E-04 3.0055E-04 2.6272E-04 3.6592E-04 6.0600E-04 8.7356E-04 1.4165E-03
Cr53 1.5459E-05 2.7798E-05 2.2794E-05 3.0295E-05 3.0179E-05 4.1950E-05 6.9501E-05 1.0003E-04 1.6269E-04
Cr54 1.6738E-05 2.7473E-05 2.6352E-05 3.7204E-05 8.4779E-06 1.2147E-05 1.9871E-05 2.9058E-05 4.5398E-05
Cr55 1.8797E-13 7.9340E-14 2.0186E-13 1.7363E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 3.0987E-60 1.4733E-59 2.6279E-52 3.7286E-56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 2.7045E-08 3.6483E-07 2.8783E-08 2.2664E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Mn52 1.6366E-04 5.3569E-04 1.6480E-04 1.8383E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 9.3914E-05 1.1273E-03 1.0355E-04 8.6427E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 8.4532E-07 6.9416E-06 1.2961E-06 1.0118E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 9.7380E-05 1.3931E-04 1.4603E-04 1.9497E-04 2.1498E-04 3.0443E-04 5.0203E-04 7.1903E-04 1.1465E-03
Mn56 6.5330E-08 5.6063E-07 7.2348E-08 6.4209E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 4.5758E-18 7.0182E-19 9.9034E-17 8.4331E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 4.9211E-04 1.5685E-03 4.9691E-04 5.5440E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 3.0454E-17 5.9631E-13 3.1089E-13 6.0218E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 7.8006E-03 1.8520E-01 6.5884E-03 5.9341E-03 1.3650E-03 1.8950E-03 3.1423E-03 4.5214E-03 7.3632E-03
Fe55 3.8940E-04 3.0588E-03 1.8858E-04 1.4971E-04 2.6567E-13 2.1054E-12 5.9724E-13 3.0937E-13 1.2320E-12
Fe56 1.1064E-02 1.6787E-02 1.5836E-02 2.0724E-02 2.2430E-02 3.1234E-02 5.1738E-02 7.4572E-02 1.2096E-01
Fe57 5.0228E-04 6.1084E-04 5.9003E-04 9.4031E-04 5.6876E-04 8.1091E-04 1.3301E-03 1.9190E-03 3.0306E-03
Fe58 7.0380E-04 7.9690E-04 7.8896E-04 1.4938E-03 8.6835E-05 1.2654E-04 2.0056E-04 3.1405E-04 4.7078E-04
Fe59 1.2291E-04 4.4002E-05 9.6321E-05 3.6048E-05 2.7584E-30 2.7314E-30 5.6230E-31 6.6795E-31 7.8328E-31
Fe60 7.0855E-05 1.7748E-05 1.6231E-04 1.6533E-05 2.1342E-12 2.2684E-12 4.3648E-12 2.0316E-10 2.4647E-10
Fe61 2.0368E-15 4.7415E-15 1.8099E-13 4.2380E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 3.0987E-60 3.9361E-60 5.0797E-60 6.7282E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 3.2977E-04 5.3905E-03 3.4375E-04 2.7065E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 5.4815E-06 8.2475E-05 3.0121E-06 2.8793E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 1.7910E-04 4.8265E-04 1.4363E-04 1.4205E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 6.5880E-06 1.8523E-05 5.2399E-07 2.9164E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 1.8955E-04 3.2603E-04 2.5370E-04 6.6585E-04 7.9838E-05 1.1106E-04 1.8330E-04 2.6664E-04 4.3138E-04
Co60 3.1720E-05 2.2339E-05 4.1691E-05 3.9760E-05 3.9262E-18 4.1649E-18 8.0041E-18 3.7242E-16 4.5161E-16
Co61 8.4433E-07 3.3238E-07 4.7548E-06 1.3424E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 7.0000E-02 7.3134E-02 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.4247E-03 3.7344E-03 2.4740E-03 2.4200E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 5.4707E-03 2.2846E-02 5.3389E-03 5.2275E-03 8.9776E-04 1.2470E-03 2.0677E-03 2.9775E-03 4.8442E-03
Ni59 1.9505E-04 9.4754E-05 1.4614E-04 1.6927E-04 6.1713E-06 1.1772E-05 1.8688E-05 2.3739E-05 2.6815E-05
Ni60 1.7299E-03 8.5199E-04 2.0291E-03 2.6125E-03 3.6116E-04 5.0291E-04 8.3185E-04 1.2034E-03 1.9494E-03
Ni61 1.4915E-04 1.1804E-04 2.5677E-04 3.1285E-04 1.8512E-05 2.6987E-05 4.4077E-05 6.3901E-05 9.8201E-05
Ni62 3.3951E-04 4.6214E-04 6.6890E-04 1.1361E-03 5.2549E-05 7.3467E-05 1.2101E-04 1.7687E-04 2.8426E-04
Ni63 9.4945E-05 6.8941E-05 1.1703E-04 2.1841E-04 3.7279E-26 2.3954E-25 3.6053E-27 3.6043E-27 4.7509E-27
Ni64 1.8527E-04 2.3157E-04 5.5280E-04 4.8530E-04 1.3652E-05 1.9039E-05 3.1491E-05 4.5618E-05 7.3738E-05
Ni65 3.7901E-07 2.1224E-07 9.5215E-06 3.2982E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 3.0987E-60 3.9361E-60 5.0797E-60 6.7282E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 4.6197E-40 1.7159E-36 9.4093E-33 1.0505E-32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 2.3390E-18 1.9833E-19 2.0396E-19 1.6629E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 4.1001E-08 2.6535E-13 3.7939E-08 4.3507E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 3.0631E-05 2.2853E-08 2.9130E-05 3.0269E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 4.2109E-07 5.1619E-11 3.5022E-07 3.6367E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 4.5600E-05 7.7789E-05 8.9472E-05 1.4671E-04 9.7882E-06 1.3819E-05 2.2699E-05 3.3483E-05 5.3032E-05
Cu64 3.1567E-06 5.8972E-06 6.9150E-06 7.8726E-06 4.2155E-32 4.3351E-32 1.0364E-32 1.2313E-32 1.4419E-32
Cu65 8.7643E-05 1.6231E-04 3.5375E-04 3.0408E-04 4.5590E-06 6.4705E-06 1.0630E-05 1.5434E-05 2.4429E-05
Cu66 1.7270E-11 9.7605E-12 1.6328E-11 1.3973E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 3.3516E-22 2.6367E-23 1.9191E-22 3.9385E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 8.7060E-26 4.1610E-23 7.7686E-22 1.4734E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 5.9901E-04 7.0677E-08 5.5443E-04 5.6184E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 1.2163E-09 1.4074E-12 9.8727E-10 3.7890E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 4.8366E-05 6.0640E-05 7.7271E-05 1.2221E-04 1.5540E-05 2.1600E-05 3.5757E-05 5.1758E-05 8.3985E-05
Zn65 7.2716E-06 1.1626E-05 1.5750E-05 1.7601E-05 1.7089E-27 4.5831E-27 4.7311E-28 5.4360E-28 6.6420E-28
Zn66 1.0386E-04 1.8826E-04 4.0786E-04 3.8220E-04 9.2150E-06 1.2821E-05 2.1226E-05 3.0685E-05 4.9773E-05
Zn67 1.7405E-05 3.2702E-05 4.0816E-05 6.0631E-05 1.3996E-06 1.9605E-06 3.2449E-06 4.6710E-06 7.5302E-06
Zn68 1.0313E-04 2.1377E-04 3.1057E-04 3.6567E-04 6.4459E-06 8.9987E-06 1.4882E-05 2.1502E-05 3.4749E-05
Zn69 1.9675E-08 2.9912E-08 6.3706E-08 3.7418E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Zn70 8.4042E-06 4.1297E-06 1.5143E-04 1.3798E-05 2.1656E-07 3.0116E-07 4.9913E-07 7.1865E-07 1.1679E-06
Zn71 1.0455E-17 1.2006E-18 1.2700E-18 8.3600E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 3.0987E-60 3.9361E-60 5.0797E-60 6.7282E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 2.9626E-31 7.3929E-32 2.4480E-29 1.0178E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 2.6152E-29 4.5596E-25 1.0422E-23 8.6675E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 2.5632E-13 7.0966E-15 2.2861E-13 3.8604E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 6.0917E-06 7.9362E-10 5.0026E-06 5.0976E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 1.3765E-07 1.8007E-07 1.5654E-07 3.7476E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 6.7634E-10 1.2101E-09 9.1240E-10 2.1278E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 1.7377E-05 3.4233E-05 5.6501E-05 6.0209E-05 6.4534E-07 9.0649E-07 1.4970E-06 2.1655E-06 3.4731E-06
Ga70 4.2345E-11 7.0618E-11 1.7095E-10 4.3474E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 1.1906E-05 2.3680E-05 9.3290E-05 5.5039E-05 4.3729E-07 6.1251E-07 1.0110E-06 1.4667E-06 2.3582E-06
Ga72 1.0381E-06 1.5442E-06 1.3191E-05 1.5158E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 3.3831E-39 7.2338E-33 1.9972E-32 7.5120E-32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 3.1261E-39 4.6150E-34 2.2112E-31 1.6116E-31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.2152E-06 2.1130E-14 9.9599E-07 1.0154E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 1.0144E-14 4.3817E-18 8.4980E-15 2.6572E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 1.3512E-07 8.5531E-08 7.7048E-08 4.2153E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 2.1906E-08 2.3108E-08 1.8472E-08 4.5018E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 2.3757E-05 4.4915E-05 7.6476E-05 8.3740E-05 9.1242E-07 1.2753E-06 2.1057E-06 3.0593E-06 4.9277E-06
Ge71 2.5471E-06 5.3482E-06 9.1961E-06 4.2060E-06 4.5645E-32 4.7510E-32 1.1941E-32 1.4184E-32 1.6602E-32
Ge72 2.1108E-05 5.1183E-05 1.0424E-04 8.2419E-05 1.2202E-06 1.6973E-06 2.8099E-06 4.0611E-06 6.5886E-06
Ge73 5.8600E-06 1.2911E-05 1.6976E-05 1.8032E-05 3.4748E-07 4.8364E-07 8.0106E-07 1.1555E-06 1.8747E-06
Ge74 3.0233E-05 7.3346E-05 1.0644E-04 9.2929E-05 1.6671E-06 2.3268E-06 3.8507E-06 5.5524E-06 8.9817E-06
Ge75 1.7919E-08 3.0156E-08 4.8612E-08 3.6694E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 5.1290E-06 3.2943E-06 5.8362E-05 9.7235E-06 3.5498E-07 4.9359E-07 8.1810E-07 1.1779E-06 1.9144E-06
Ge77 1.5890E-07 4.4230E-08 1.4799E-05 5.3056E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 8.5754E-10 9.5042E-10 7.4139E-10 2.0686E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 1.3101E-09 1.3677E-09 1.4966E-09 4.4113E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 1.7032E-07 2.3420E-07 2.7319E-07 4.8383E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 3.5208E-08 6.4529E-08 6.7763E-08 1.1906E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 6.2059E-06 1.3379E-05 2.9501E-05 2.2131E-05 2.0596E-07 2.8636E-07 4.7394E-07 6.8508E-07 1.1121E-06
As76 3.0315E-07 5.1542E-07 6.6692E-07 7.4308E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 4.8462E-06 4.4567E-06 1.9746E-05 6.6098E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 1.7378E-06 2.6412E-06 8.1326E-06 5.0253E-06 1.9130E-08 2.6232E-08 4.3465E-08 6.3288E-08 1.0408E-07
Se75 1.1581E-07 1.3843E-07 2.7641E-07 3.4171E-07 3.3056E-32 3.5162E-32 9.6400E-33 1.1449E-32 1.3395E-32
Se76 6.8626E-06 1.5985E-05 3.9187E-05 2.4777E-05 2.2335E-07 3.1514E-07 5.2102E-07 7.4772E-07 1.1964E-06
Se77 2.6234E-06 5.3046E-06 9.3516E-06 6.5176E-06 1.7680E-07 2.4550E-07 4.0558E-07 5.8894E-07 9.5586E-07
Se78 1.1902E-05 3.2374E-05 5.4983E-05 3.4428E-05 5.6940E-07 7.9700E-07 1.3170E-06 1.9047E-06 3.0679E-06
Se79 1.9762E-06 5.8063E-06 8.0669E-06 4.5937E-06 2.2376E-13 2.4044E-13 8.2205E-14 5.6410E-14 1.6396E-13
Se80 9.1452E-06 2.4986E-05 4.0844E-05 2.5743E-05 1.1864E-06 1.6466E-06 2.7312E-06 3.9373E-06 6.4106E-06
Se81 3.9857E-13 3.5243E-12 3.8358E-11 3.2270E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.4741E-06 1.1174E-06 2.7863E-05 6.5289E-06 2.1598E-07 3.0066E-07 4.9809E-07 7.1753E-07 1.1645E-06
Se83 2.0062E-13 8.8925E-14 3.8963E-11 1.6191E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 5.0691E-13 1.9079E-13 2.3683E-13 4.3311E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 9.6955E-11 5.6614E-11 3.2848E-11 1.4639E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 1.2332E-08 5.7113E-09 7.1219E-09 1.3388E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 5.3782E-17 7.8508E-16 2.0428E-13 3.6236E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 5.8764E-07 1.0979E-06 2.1678E-06 2.4933E-06 1.8581E-07 2.5513E-07 4.2126E-07 6.1690E-07 1.0110E-06
Br80 8.2219E-12 2.0252E-11 2.2276E-11 7.7657E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 1.9809E-06 4.9877E-06 1.1194E-05 6.8288E-06 1.9275E-07 2.6900E-07 4.4571E-07 6.3857E-07 1.0341E-06
Br82 4.2252E-08 1.6563E-07 1.8682E-07 2.3184E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 6.3762E-08 1.8865E-07 1.4625E-06 4.2482E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 1.6128E-07 2.0689E-07 9.6355E-07 2.5754E-07 6.6733E-09 9.1537E-09 1.5169E-08 2.2078E-08 3.6292E-08
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Kr79 5.0211E-09 5.9709E-09 3.9060E-08 1.1043E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 1.0047E-06 2.8421E-06 9.6930E-06 4.5514E-06 5.1969E-08 7.6167E-08 1.2737E-07 1.7540E-07 2.7238E-07
Kr81 2.7607E-07 8.2953E-07 1.1595E-06 1.0495E-06 2.2818E-09 4.7520E-09 8.1598E-09 8.7912E-09 9.8156E-09
Kr82 4.5617E-06 1.4662E-05 2.4513E-05 1.1881E-05 2.5033E-07 3.5542E-07 5.8328E-07 8.4412E-07 1.3370E-06
Kr83 2.1579E-06 7.0394E-06 1.6553E-05 7.1728E-06 2.3197E-07 3.2072E-07 5.2939E-07 7.7235E-07 1.2579E-06
Kr84 8.6238E-06 3.0595E-05 4.2350E-05 2.1195E-05 1.1726E-06 1.6327E-06 2.7048E-06 3.8961E-06 6.3218E-06
Kr85 2.1822E-06 7.5250E-06 9.9184E-06 4.5050E-06 1.6686E-29 1.7705E-29 4.4671E-30 5.2913E-30 6.2141E-30
Kr86 5.2641E-06 1.9771E-05 4.9088E-05 1.2412E-05 3.6381E-07 5.0681E-07 8.3926E-07 1.2101E-06 1.9617E-06
Kr87 6.5542E-11 6.3403E-11 8.0854E-09 5.2076E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 1.2556E-18 1.0562E-16 9.4819E-16 2.6166E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 1.4435E-28 8.0648E-22 1.0771E-17 2.0424E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 3.8314E-11 1.8278E-11 3.3865E-11 1.5511E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 1.4014E-11 7.2193E-12 9.4646E-12 1.3468E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 8.8763E-09 1.5608E-08 5.2862E-08 1.8239E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 5.5152E-10 1.0724E-09 3.2591E-09 1.6823E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 8.8254E-07 3.3848E-06 6.6080E-06 2.9954E-06 2.7396E-07 3.8080E-07 6.3093E-07 9.0975E-07 1.4782E-06
Rb86 2.5715E-07 1.2787E-06 1.8882E-06 4.7863E-07 8.0088E-32 8.3906E-32 2.1613E-32 2.5672E-32 3.0044E-32
Rb87 2.1127E-06 9.7772E-06 2.7699E-05 6.1430E-06 1.1594E-07 1.6145E-07 2.6742E-07 3.8531E-07 6.2506E-07
Rb88 2.9202E-14 2.1139E-13 4.5163E-12 1.1482E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 1.3399E-07 5.3762E-07 1.3590E-06 3.1244E-07 4.6073E-09 6.3126E-09 1.0456E-08 1.5244E-08 2.5078E-08
Sr85 4.1180E-09 2.1420E-08 7.5609E-08 1.6981E-08 4.4959E-33 4.7840E-33 1.3163E-33 1.5634E-33 1.8294E-33
Sr86 1.6558E-06 6.5113E-06 1.0788E-05 5.1922E-06 1.0250E-07 1.5007E-07 2.4507E-07 3.5281E-07 5.4030E-07
Sr87 1.1073E-06 4.4747E-06 6.0074E-06 3.0688E-06 6.4921E-08 9.1547E-08 1.4934E-07 2.2252E-07 3.5179E-07
Sr88 8.6756E-06 4.3362E-05 7.6030E-05 1.9607E-05 7.4856E-07 1.0438E-06 1.7265E-06 2.4977E-06 4.0397E-06
Sr89 4.3927E-07 3.1023E-06 5.2126E-06 1.6704E-07 9.0250E-33 9.4266E-33 2.3958E-33 2.8457E-33 3.3307E-33
Sr90 1.9608E-07 1.1514E-06 7.2248E-06 9.6612E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 1.0347E-09 4.0949E-10 4.4528E-07 1.1975E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 8.0467E-13 6.3991E-13 8.5644E-13 1.8766E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 3.0344E-12 2.9942E-12 4.0882E-12 1.0053E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 9.4331E-10 1.1568E-09 2.0553E-09 4.8513E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 7.8817E-10 1.5978E-09 3.3988E-09 9.5713E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 1.3268E-06 6.0141E-06 1.0089E-05 3.2960E-06 2.0002E-07 2.7885E-07 4.6158E-07 6.6583E-07 1.0783E-06
Y90 3.6773E-09 3.3456E-08 6.6331E-08 2.7696E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 4.5381E-08 8.3687E-08 1.1754E-06 9.1157E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 9.5382E-07 5.1611E-06 8.4636E-06 2.0110E-06 2.4355E-07 3.3937E-07 5.6191E-07 8.1030E-07 1.3131E-06
Zr91 2.4465E-07 1.5088E-06 1.7527E-06 3.9913E-07 5.3841E-08 7.5088E-08 1.2428E-07 1.7914E-07 2.9008E-07
Zr92 3.3869E-07 2.1771E-06 2.6272E-06 6.0213E-07 8.3332E-08 1.1626E-07 1.9238E-07 2.7753E-07 4.4905E-07
Zr93 8.2366E-08 5.9646E-07 6.7122E-07 1.3705E-07 6.2796E-10 1.1939E-09 1.8418E-09 2.6933E-09 3.0382E-09
Zr94 2.1767E-07 1.3386E-06 1.5825E-06 3.6498E-07 8.5512E-08 1.1894E-07 1.9695E-07 2.8447E-07 4.6169E-07
Zr95 2.8149E-08 2.8066E-07 3.1524E-07 1.3143E-08 8.8464E-33 9.2681E-33 2.3828E-33 2.8302E-33 3.3123E-33
Zr96 5.6552E-08 5.1301E-07 9.4613E-07 3.1413E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr97 7.8381E-11 2.2459E-11 1.0579E-08 7.0815E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 4.7639E-10 1.4602E-09 4.5587E-09 1.3705E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 3.8039E-11 2.1511E-10 6.1809E-10 2.0432E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 1.5676E-08 1.8973E-08 2.9138E-08 3.1825E-08 3.5731E-08 4.9029E-08 8.1208E-08 1.1822E-07 1.9419E-07
Nb94 2.7965E-11 1.0593E-10 3.5247E-10 1.1847E-10 5.7163E-20 9.0859E-20 8.3345E-21 6.9071E-21 6.6343E-21
Nb95 2.2718E-09 8.6540E-09 1.0056E-08 2.4503E-09 4.8289E-33 5.0597E-33 1.3006E-33 1.5448E-33 1.8080E-33
Nb96 9.8902E-12 4.4193E-11 1.4028E-10 1.4024E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 7.7844E-12 3.0054E-12 8.0249E-10 1.5100E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 1.0229E-08 2.1724E-08 1.1799E-07 4.1534E-08 1.3737E-08 1.9008E-08 3.1544E-08 4.5435E-08 7.4236E-08
Mo93 1.7825E-10 6.8278E-10 5.4337E-09 1.4390E-09 2.7151E-16 1.6272E-15 2.1075E-16 8.5849E-17 2.5085E-16
Mo94 6.9145E-09 1.4769E-08 8.0689E-08 2.8264E-08 9.9440E-09 1.4429E-08 2.4144E-08 3.2836E-08 5.1778E-08
Mo95 1.1128E-08 2.5335E-08 2.7227E-08 3.2260E-08 1.5797E-08 2.2009E-08 3.6421E-08 5.2437E-08 8.5032E-08
Mo96 2.9673E-08 8.8928E-08 1.3195E-07 8.1049E-08 3.1141E-08 4.3482E-08 7.1934E-08 1.0369E-07 1.6768E-07
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Mo97 1.0225E-08 4.2215E-08 4.8262E-08 2.4306E-08 9.8662E-09 1.3789E-08 2.2808E-08 3.2889E-08 5.3113E-08
Mo98 2.9259E-08 1.3053E-07 1.4554E-07 6.5897E-08 2.5454E-08 3.5626E-08 5.8866E-08 8.5124E-08 1.3714E-07
Xe132 7.1491E-08 2.7147E-07 3.1552E-07 1.6420E-07 8.3743E-08 1.1648E-07 1.9288E-07 2.7854E-07 4.5207E-07
Xe133 3.2010E-09 4.3308E-08 4.4747E-08 3.7781E-09 1.5884E-33 1.6635E-33 4.2767E-34 5.0799E-34 5.9451E-34
Xe134 2.5949E-08 1.3782E-07 1.5939E-07 4.0982E-08 3.1342E-08 4.3590E-08 7.2241E-08 1.0402E-07 1.6903E-07
Xe135 4.5841E-10 2.9088E-10 1.9896E-08 2.3935E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 1.3506E-08 2.8952E-08 3.7459E-08 2.7947E-08 2.1541E-08 2.9689E-08 4.9115E-08 7.1459E-08 1.1688E-07
Cs134 7.7673E-10 2.8545E-09 4.4664E-09 1.2384E-09 4.7475E-31 5.0302E-31 1.3455E-31 1.5971E-31 1.8689E-31
Cs135 4.9828E-09 2.4434E-08 4.2182E-08 3.3209E-09 3.5864E-11 7.0904E-11 1.3846E-10 1.5978E-10 1.6758E-10
Cs136 2.0887E-09 1.2540E-08 1.4693E-08 4.6154E-10 1.4347E-35 1.6049E-35 7.4396E-40 1.9750E-40 7.2558E-39
Cs137 1.1904E-08 8.8387E-08 7.8307E-08 2.8619E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 2.1904E-17 1.8912E-16 1.9979E-14 1.2903E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 1.1004E-08 4.0640E-08 5.2594E-08 3.2542E-08 7.8889E-09 1.1612E-08 1.9299E-08 2.6657E-08 4.1133E-08
Ba135 1.0426E-08 2.2521E-08 2.6219E-08 2.3213E-08 1.8223E-08 2.5141E-08 4.1506E-08 6.0548E-08 9.8870E-08
Ba136 3.2778E-08 1.2835E-07 1.5715E-07 8.5072E-08 2.3470E-08 3.3217E-08 5.4747E-08 7.9079E-08 1.2584E-07
Ba137 3.0728E-08 1.0584E-07 1.2439E-07 6.8593E-08 3.2188E-08 4.4805E-08 7.4097E-08 1.0732E-07 1.7385E-07
Ba138 2.1507E-07 6.7612E-07 8.1520E-07 4.6720E-07 2.0771E-07 2.8966E-07 4.7940E-07 6.9171E-07 1.1197E-06
Ba139 8.3525E-13 1.7753E-12 9.6770E-12 8.7338E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.3448E-11 1.7902E-11 2.2812E-11 2.7918E-11 2.1872E-11 3.0477E-11 5.0463E-11 7.2759E-11 1.1792E-10
La139 2.4675E-08 6.7031E-08 7.3668E-08 5.0768E-08 2.4212E-08 3.3748E-08 5.5866E-08 8.0579E-08 1.3053E-07
La140 1.9836E-11 3.6134E-11 1.7139E-10 8.8504E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 5.0690E-08 1.0152E-07 1.2415E-07 1.0713E-07 6.5173E-08 9.0830E-08 1.5038E-07 2.1686E-07 3.5135E-07
Ce141 2.3967E-09 1.2777E-08 1.1792E-08 3.5365E-10 1.0564E-33 1.1042E-33 2.8129E-34 3.3411E-34 3.9104E-34
Pr141 5.8710E-09 8.1980E-09 1.1549E-08 1.5180E-08 1.0112E-08 1.4029E-08 2.3251E-08 3.3542E-08 5.4615E-08
Pr142 3.5557E-11 5.9518E-11 3.5999E-10 2.0434E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 1.1913E-08 1.9916E-08 3.0927E-08 3.4740E-08 1.4152E-08 1.9806E-08 3.2762E-08 4.7198E-08 7.6137E-08
Nd143 3.1129E-09 4.1267E-09 5.3841E-09 6.5890E-09 6.0907E-09 8.3971E-09 1.3902E-08 2.0201E-08 3.3045E-08
Nd144 6.8437E-09 9.6485E-09 1.2394E-08 1.5034E-08 1.2448E-08 1.7366E-08 2.8798E-08 4.1330E-08 6.6990E-08
Hg202 8.4096E-09 1.2735E-08 1.6656E-08 1.8811E-08 1.2538E-08 1.7561E-08 2.9031E-08 4.1851E-08 6.7434E-08
Hg203 1.6938E-10 8.9616E-10 1.3324E-09 1.0562E-10 2.0604E-33 2.1416E-33 5.3316E-34 6.3326E-34 7.4125E-34
Hg204 1.4932E-09 2.1013E-09 6.1821E-09 2.4206E-09 2.8343E-09 3.9345E-09 6.5252E-09 9.3926E-09 1.5295E-08
Hg205 1.3996E-19 6.6925E-19 4.9843E-17 1.2812E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 4.2883E-09 5.7543E-09 7.4700E-09 1.0042E-08 6.5733E-09 9.1474E-09 1.5129E-08 2.1881E-08 3.5477E-08
Tl204 4.2565E-10 4.8341E-10 7.9028E-10 3.5049E-10 7.6823E-32 8.0774E-32 2.0637E-32 2.4492E-32 2.8704E-32
Tl205 9.1938E-09 1.1502E-08 1.5678E-08 1.6586E-08 1.5807E-08 2.1987E-08 3.6407E-08 5.2580E-08 8.5325E-08
Tl206 1.9326E-16 1.0059E-16 1.8101E-16 1.2505E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 2.8873E-09 5.1418E-09 6.6480E-09 9.4927E-09 3.3350E-09 4.7238E-09 7.7817E-09 1.1240E-08 1.7869E-08
Pb205 6.5912E-10 1.4594E-09 1.9633E-09 2.9900E-09 2.7473E-18 3.0773E-18 2.7043E-19 2.8425E-19 2.6998E-19
Pb206 2.3634E-08 3.3072E-08 4.3760E-08 5.2570E-08 2.9927E-08 4.1767E-08 6.9107E-08 9.9752E-08 1.6132E-07
Pb207 2.3873E-08 3.1153E-08 4.2759E-08 5.1039E-08 3.3147E-08 4.6201E-08 7.6482E-08 1.1031E-07 1.7869E-07
Pb208 6.2206E-08 7.6761E-08 1.1313E-07 1.3144E-07 9.5343E-08 1.3290E-07 2.2000E-07 3.1726E-07 5.1394E-07
Pb209 1.0061E-14 1.3860E-14 5.9626E-14 2.2298E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 3.7584E-10 9.5697E-10 1.1785E-09 1.2840E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 6.9068E-09 8.0034E-09 1.0522E-08 1.4222E-08 1.2906E-08 1.7980E-08 2.9773E-08 4.2910E-08 6.9569E-08
v=0 km/s - [Fe/H]=-1
H 6.2061E+00 6.9368E+00 8.6646E+00 1.0145E+01 1.2871E+00 7.9963E+00 1.1859E+01 2.3102E+01 3.1623E+01
H2 9.6546E-07 1.9390E-06 5.9478E-06 7.4353E-06 8.9222E-06 1.1897E-05 1.7846E-05 2.3796E-05 3.5696E-05
H3 1.0980E-28 1.1979E-28 1.2449E-17 1.0949E-15 6.7210E-15 1.4722E-13 8.2556E-13 2.8423E-12 1.1553E-11
He3 3.3497E-04 3.5900E-04 4.1856E-04 4.8164E-04 1.1589E-04 6.1730E-04 7.7537E-04 1.1350E-03 1.5387E-03
He4 4.5646E+00 4.7414E+00 6.9005E+00 7.7451E+00 4.3093E-01 3.2393E+00 6.0919E+00 1.6917E+01 3.7128E+01
Li6 4.3758E-12 8.7889E-12 2.6993E-11 3.3774E-11 4.0566E-11 5.4203E-11 8.1589E-11 1.0899E-10 1.6400E-10
Li7 6.2159E-11 1.2484E-10 3.8659E-10 4.8428E-10 5.8174E-10 7.7666E-10 1.4104E-09 1.5844E-09 2.3394E-09
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Be7 1.1410E-16 6.5610E-15 4.0647E-13 1.7757E-12 3.2612E-18 2.3464E-17 3.1436E-15 5.7517E-11 6.6375E-11
Be9 1.6228E-12 1.7950E-12 4.0036E-12 6.1795E-12 7.1787E-12 9.1030E-12 1.1315E-11 1.4445E-11 2.1323E-11
Be10 1.0929E-59 1.2381E-59 1.6551E-59 1.7858E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 2.0783E-11 2.2653E-11 2.7115E-11 4.7199E-11 5.5648E-11 6.9248E-11 8.5204E-11 1.0549E-10 1.4985E-10
B11 6.8721E-10 7.6767E-10 9.5410E-10 1.1274E-09 5.6591E-10 1.7227E-09 2.3031E-09 2.9068E-09 4.1591E-09
C12 1.3429E-01 2.5921E-01 4.0517E-01 6.8641E-01 7.5464E-04 4.1068E-03 5.2853E-03 8.4812E-03 2.4333E-01
C13 1.2623E-04 1.4213E-04 1.8426E-04 2.2003E-04 9.1448E-06 1.1373E-04 1.9220E-04 4.0973E-04 5.4003E-04
C14 2.0911E-07 2.7700E-06 8.7757E-07 2.6306E-06 0.0000E+00 8.7359E-33 7.1300E-24 1.2179E-24 4.5212E-11
N13 3.2311E-13 6.3036E-13 6.9899E-13 1.0860E-12 0.0000E+00 5.2412E-40 3.6144E-29 2.5862E-16 1.0492E-14
N14 7.6912E-03 8.0847E-03 1.0893E-02 1.2597E-02 1.1982E-04 4.3350E-03 1.3228E-02 4.9797E-02 1.0567E-01
N15 8.6220E-07 8.7343E-07 1.7626E-06 3.4075E-06 2.9466E-07 1.3084E-06 1.8575E-06 3.1352E-06 5.1160E-06
N16 3.1101E-28 1.7798E-27 6.3251E-30 7.4866E-29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 6.4287E-16 8.4508E-17 1.5120E-15 1.9929E-16 2.8397E-34 2.6331E-33 6.5438E-33 4.1720E-17 1.8805E-15
O16 2.7875E-01 8.5779E-01 1.3348E+00 2.7024E+00 3.5195E-03 2.0003E-02 2.6460E-02 4.0238E-02 1.7457E-01
O17 1.8574E-05 2.6452E-05 1.8852E-05 2.3840E-05 1.4206E-06 8.4487E-06 1.2037E-05 1.7659E-05 2.2878E-05
O18 1.2714E-03 1.1502E-03 1.1235E-03 1.7531E-04 7.9377E-06 4.3549E-05 5.4865E-05 8.6635E-05 1.0783E-04
O19 6.5827E-22 8.3244E-21 2.7036E-22 5.7175E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 7.8839E-26 2.2795E-25 9.3491E-24 2.5036E-21 0.0000E+00 0.0000E+00 0.0000E+00 1.0124E-20 4.6428E-19
F18 2.4928E-08 9.2788E-08 1.4444E-08 1.1350E-07 0.0000E+00 0.0000E+00 0.0000E+00 2.1265E-21 1.1266E-19
F19 3.8944E-07 4.2942E-07 6.4198E-07 2.5474E-06 8.7528E-08 4.9486E-07 6.2805E-07 9.6732E-07 1.2225E-06
F20 8.6623E-21 4.2247E-23 2.2587E-21 2.1584E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 5.0232E-02 9.3080E-02 4.6879E-01 4.6300E-01 2.0074E-04 1.2959E-03 2.0304E-03 4.3775E-03 7.4463E-03
Ne21 4.0288E-05 1.0861E-04 2.0771E-04 4.5601E-04 5.0528E-07 3.3714E-06 4.4471E-06 8.3781E-06 2.0669E-05
Ne22 2.9831E-03 4.3404E-03 9.1788E-03 1.2567E-02 1.6237E-05 9.2084E-05 1.2308E-04 1.9044E-04 2.1621E-03
Ne23 9.4733E-16 2.1458E-15 1.8069E-16 5.1346E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 1.4788E-15 1.0390E-15 1.4154E-15 6.9519E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 1.7606E-07 3.3764E-07 2.2870E-06 5.6609E-06 0.0000E+00 0.0000E+00 0.0000E+00 6.6662E-20 5.2368E-18
Na23 4.5054E-04 1.0227E-03 3.7503E-03 5.6433E-03 5.0713E-06 6.7180E-05 1.7904E-04 6.5775E-04 1.4294E-03
Na24 7.2821E-08 7.1472E-07 5.2288E-07 3.5092E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 6.5248E-14 9.4016E-16 8.1990E-14 3.3553E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 2.0850E-02 3.0501E-02 1.1039E-01 8.2389E-02 1.7029E-04 1.1137E-03 1.7803E-03 3.9724E-03 6.8710E-03
Mg25 6.4561E-04 1.0927E-03 4.2196E-03 4.6964E-03 2.2457E-05 1.2804E-04 1.7082E-04 2.6047E-04 4.3143E-04
Mg26 7.5264E-04 1.0472E-03 5.0114E-03 5.2251E-03 2.5713E-05 1.7557E-04 2.7526E-04 5.8521E-04 8.0390E-04
Mg27 4.0738E-12 1.8107E-13 7.1668E-12 2.3844E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 1.3627E-18 2.6440E-18 3.6082E-18 8.2247E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 2.3343E-05 4.2792E-05 7.1090E-05 1.5002E-04 5.4635E-32 1.1041E-07 1.7440E-06 8.6772E-06 2.8375E-05
Alg6 3.6749E-09 5.1203E-09 2.1514E-08 6.1532E-08 5.4635E-32 1.1041E-07 1.7440E-06 8.6772E-06 2.8375E-05
Alm6 2.2036E-18 3.5988E-17 6.6624E-20 2.6820E-18 0.0000E+00 0.0000E+00 0.0000E+00 5.2656E-28 6.3616E-25
Al27 1.5174E-03 2.3042E-03 7.0799E-03 6.6054E-03 9.6551E-06 7.5447E-05 1.5989E-04 5.0712E-04 1.2224E-03
Al28 2.1121E-11 1.2237E-13 3.1343E-11 3.4220E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 1.3956E-14 1.2635E-18 3.5580E-14 8.7827E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 5.1206E-02 1.0493E-01 1.1029E-01 1.7622E-01 2.7253E-04 1.7823E-03 2.8479E-03 6.3499E-03 1.0974E-02
Si29 6.8675E-04 1.1829E-03 1.9923E-03 2.5183E-03 1.4333E-05 9.3726E-05 1.4971E-04 3.3361E-04 5.7721E-04
Si30 1.1074E-03 1.7438E-03 2.4792E-03 2.6172E-03 9.7742E-06 6.3922E-05 1.0215E-04 2.2785E-04 3.9633E-04
Si31 4.7386E-09 1.0279E-08 1.4179E-08 2.4224E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 3.2809E-10 5.8894E-10 2.3494E-09 6.3547E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 9.8293E-21 2.2407E-20 1.0671E-20 4.7451E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 1.7012E-11 1.0682E-12 3.0715E-11 1.6198E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 2.5423E-04 4.8831E-04 5.9295E-04 9.6922E-04 1.0110E-06 6.6120E-06 1.0564E-05 2.3553E-05 4.1635E-05
P32 1.6202E-07 2.6192E-07 6.4701E-07 9.9307E-07 0.0000E+00 0.0000E+00 0.0000E+00 8.6081E-35 6.2536E-33
P33 9.4520E-08 1.8801E-07 2.2323E-07 3.0166E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 2.5516E-19 1.3612E-21 2.5548E-19 4.1266E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 4.9644E-18 4.5191E-22 2.1877E-17 9.3496E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 1.6208E-02 3.5609E-02 2.8910E-02 5.1928E-02 1.1375E-04 7.4386E-04 1.1884E-03 2.6492E-03 4.5685E-03
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
S33 1.3538E-04 2.9485E-04 2.9385E-04 6.4323E-04 9.3913E-07 6.1414E-06 9.8118E-06 2.1872E-05 4.2776E-05
S34 7.2266E-04 1.4589E-03 1.2625E-03 2.6940E-03 5.4617E-06 3.5716E-05 5.7063E-05 1.2720E-04 2.2124E-04
S35 6.9138E-08 1.6268E-07 3.3193E-07 9.3766E-07 0.0000E+00 0.0000E+00 0.0000E+00 1.2947E-33 9.9705E-32
S36 2.1572E-07 3.0739E-07 6.0549E-07 1.1345E-06 2.6960E-08 1.7631E-07 2.8167E-07 6.2792E-07 1.0842E-06
S37 3.2499E-18 6.3169E-19 1.2676E-17 6.0678E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 6.7840E-24 2.5674E-23 7.1266E-25 1.4085E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 6.4165E-23 5.6712E-26 3.6235E-22 2.1911E-26 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 5.0905E-05 1.1054E-04 1.0264E-04 2.6121E-04 1.0642E-06 6.9592E-06 1.1118E-05 2.4785E-05 4.2640E-05
Cl36 2.5789E-07 5.4538E-07 6.9468E-07 1.3221E-06 2.2815E-38 8.4355E-24 5.2064E-21 5.2222E-20 8.0744E-08
Cl37 4.1929E-06 7.5801E-06 1.3375E-05 2.1820E-05 3.5956E-07 2.3514E-06 3.7566E-06 8.3741E-06 1.7538E-05
Cl38 6.8170E-13 3.4758E-12 3.8549E-12 4.6898E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 2.8100E-03 5.9252E-03 4.4968E-03 7.2363E-03 2.1729E-05 1.4209E-04 2.2703E-04 5.0608E-04 8.7066E-04
Ar37 6.5506E-06 1.7019E-05 1.3691E-05 3.5456E-05 0.0000E+00 4.7872E-29 6.3180E-23 1.2150E-21 3.6933E-21
Ar38 2.7507E-04 5.8384E-04 4.8988E-04 1.1367E-03 4.1702E-06 2.7271E-05 4.3569E-05 9.7125E-05 1.6777E-04
Ar39 7.6125E-08 1.3275E-07 3.2610E-07 5.8407E-07 0.0000E+00 0.0000E+00 8.2749E-33 5.0211E-29 2.5825E-24
Ar40 7.7854E-08 9.0079E-08 1.6257E-07 2.5359E-07 7.0208E-09 4.5913E-08 7.3353E-08 1.6351E-07 2.8433E-07
Ar41 1.4527E-12 9.9936E-12 7.3797E-12 6.0472E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 1.5527E-32 9.4466E-32 2.1744E-34 3.4329E-33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 8.5886E-14 3.2582E-14 9.0999E-14 1.6613E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 2.7418E-05 5.9864E-05 5.1550E-05 1.0240E-04 4.9380E-07 3.2293E-06 5.1592E-06 1.1501E-05 1.9978E-05
K40 5.3315E-08 1.3536E-07 3.0481E-07 6.2486E-07 7.9774E-10 5.2150E-09 8.3365E-09 1.8588E-08 1.0842E-07
K41 2.9360E-07 4.1758E-07 7.5542E-07 1.1885E-06 3.7463E-08 2.4499E-07 3.9142E-07 8.7253E-07 1.5639E-06
K42 4.0342E-10 4.7908E-09 3.0377E-09 3.1147E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 2.4525E-03 4.8531E-03 3.5411E-03 5.0418E-03 2.4096E-05 1.5758E-04 2.5176E-04 5.6120E-04 9.6654E-04
Ca41 2.0465E-06 4.7615E-06 4.7371E-06 7.9074E-06 4.3193E-30 6.1586E-21 3.4319E-19 2.3925E-18 9.8977E-07
Ca42 8.3785E-06 1.8655E-05 1.8475E-05 3.6650E-05 1.6887E-07 1.1043E-06 1.7643E-06 3.9329E-06 7.9240E-06
Ca43 4.8907E-07 9.3329E-07 2.0811E-06 3.1621E-06 3.6074E-08 2.3590E-07 3.7691E-07 8.4018E-07 1.6813E-06
Ca44 4.1023E-06 5.3548E-06 9.8956E-06 1.6620E-05 5.7038E-07 3.7299E-06 5.9592E-06 1.3284E-05 2.3240E-05
Ca45 3.7481E-08 6.0508E-08 1.9080E-07 9.5759E-07 0.0000E+00 0.0000E+00 0.0000E+00 6.6574E-33 5.3699E-31
Ca46 2.2022E-08 2.1075E-08 4.0484E-08 2.6002E-07 1.1434E-09 7.4775E-09 1.1946E-08 2.6631E-08 4.5885E-08
Ca47 2.0074E-11 2.5539E-10 1.6522E-10 6.5719E-09 0.0000E+00 0.0000E+00 0.0000E+00 2.5288E-37 1.7267E-35
Ca48 3.5864E-07 4.0173E-07 5.5529E-07 6.5389E-07 5.5779E-08 3.6477E-07 5.8277E-07 1.2991E-06 2.2423E-06
Ca49 3.2147E-17 2.7207E-17 4.7246E-17 1.1695E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 5.4790E-48 4.6050E-47 3.1676E-50 9.4140E-50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 1.2515E-39 1.1283E-40 1.0024E-39 4.2669E-43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 3.1866E-08 2.8984E-08 3.2152E-08 2.8434E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 1.3251E-09 3.8309E-09 5.6511E-09 1.1562E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 1.9726E-07 4.5119E-07 1.0641E-06 2.0809E-06 8.0651E-09 5.2742E-08 8.4262E-08 1.8784E-07 3.6954E-07
Sc46 9.3649E-09 3.5438E-08 8.1541E-08 3.7465E-07 0.0000E+00 0.0000E+00 0.0000E+00 1.0520E-33 8.1056E-32
Sc47 4.2463E-10 6.8510E-09 5.8061E-09 9.9173E-08 0.0000E+00 0.0000E+00 0.0000E+00 1.9272E-37 1.4203E-35
Sc48 2.8243E-10 1.1228E-09 1.3232E-09 1.3244E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 2.2387E-13 7.9856E-13 6.8529E-13 4.6344E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 2.2690E-05 2.3940E-05 2.0748E-05 2.1056E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 1.9674E-08 3.4783E-08 2.7875E-08 4.0143E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 5.0097E-06 9.4582E-06 9.5079E-06 1.5568E-05 8.5626E-08 5.5995E-07 8.9461E-07 1.9943E-06 3.4947E-06
Ti47 1.0467E-06 1.2683E-06 1.7688E-06 3.0302E-06 7.8898E-08 5.1595E-07 8.2432E-07 1.8375E-06 3.1674E-06
Ti48 5.1360E-06 5.7457E-06 8.0063E-06 1.0621E-05 7.9839E-07 5.2212E-06 8.3415E-06 1.8595E-05 3.1913E-05
Ti49 4.8729E-07 6.0968E-07 1.1201E-06 2.5293E-06 5.9811E-08 3.9114E-07 6.2490E-07 1.3930E-06 2.5118E-06
Ti50 5.1678E-07 7.7551E-07 1.6223E-06 3.8807E-06 5.8437E-08 3.8216E-07 6.1054E-07 1.3610E-06 2.5159E-06
Ti51 1.5245E-15 7.4219E-16 2.7023E-15 1.1508E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 1.5743E-47 3.0295E-51 2.2606E-47 1.2533E-52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 2.8078E-46 1.0127E-49 7.9941E-47 6.0806E-53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 1.1269E-10 1.2117E-10 1.1411E-10 1.1808E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 1.9606E-08 4.4189E-08 5.3987E-08 1.1054E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
V49 1.5136E-06 2.7561E-06 2.5389E-06 2.4089E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 5.1489E-09 1.6588E-08 2.4805E-08 9.1653E-08 1.3499E-10 8.8277E-10 1.4104E-09 3.1440E-09 5.3854E-09
V51 3.7768E-07 4.5655E-07 6.7422E-07 1.0520E-06 5.4938E-08 3.5927E-07 5.7398E-07 1.2795E-06 2.2068E-06
V52 1.6267E-15 2.1208E-16 4.0377E-15 4.0092E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 5.7407E-05 7.1829E-05 6.0969E-05 6.0603E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 3.1990E-09 5.6552E-09 5.0364E-09 4.0910E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 1.1718E-05 2.6825E-05 2.5681E-05 2.2655E-05 1.2032E-07 7.8686E-07 1.2571E-06 2.8024E-06 4.7999E-06
Cr51 3.0019E-06 6.2354E-06 5.7293E-06 4.2526E-06 0.0000E+00 3.8077E-29 6.6016E-24 1.4616E-22 8.5306E-22
Cr52 1.7346E-05 1.9997E-05 2.6562E-05 3.0786E-05 2.4131E-06 1.5781E-05 2.5212E-05 5.6204E-05 9.6821E-05
Cr53 1.7686E-06 1.9799E-06 2.7165E-06 3.1923E-06 2.7889E-07 1.8238E-06 2.9138E-06 6.4956E-06 1.1179E-05
Cr54 6.5985E-07 1.0196E-06 1.9574E-06 2.8348E-06 7.0732E-08 4.6255E-07 7.3899E-07 1.6474E-06 3.1064E-06
Cr55 1.7825E-15 6.5392E-16 2.1299E-15 9.0545E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 4.6888E-55 6.6826E-59 1.7311E-55 1.7858E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 7.7166E-09 1.5781E-08 1.4360E-08 8.7815E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 9.0157E-05 1.5308E-04 1.2928E-04 1.2986E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 2.8496E-05 5.4474E-05 4.8377E-05 3.9439E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 1.1833E-08 3.1230E-08 3.1662E-08 9.2469E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.2652E-05 1.3919E-05 1.8902E-05 2.1149E-05 1.8783E-06 1.2283E-05 1.9623E-05 4.3743E-05 7.5732E-05
Mn56 9.8617E-10 2.8321E-09 9.2900E-10 3.2865E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 7.5863E-19 1.2772E-20 1.1953E-18 1.0347E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 2.6933E-04 4.5974E-04 3.8347E-04 3.8845E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 1.4612E-14 1.8528E-14 5.7223E-14 2.2275E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 7.6546E-04 1.8017E-03 1.6413E-03 1.0109E-03 1.2664E-05 8.2816E-05 1.3231E-04 2.9494E-04 5.0559E-04
Fe55 2.4040E-05 4.8941E-05 4.3900E-05 3.5782E-05 1.1812E-35 2.3754E-23 1.8445E-19 7.2520E-19 4.7264E-11
Fe56 1.3262E-03 1.4683E-03 1.9672E-03 2.2397E-03 2.0616E-04 1.3482E-03 2.1540E-03 4.8015E-03 8.2664E-03
Fe57 3.6005E-05 4.5133E-05 6.8472E-05 7.8439E-05 4.8461E-06 3.1692E-05 5.0632E-05 1.1287E-04 2.0186E-04
Fe58 1.4175E-05 3.3671E-05 7.1277E-05 9.0633E-05 6.5626E-07 4.2915E-06 6.8564E-06 1.5284E-05 4.1785E-05
Fe59 3.8725E-07 1.3262E-06 2.1230E-06 8.8941E-06 0.0000E+00 0.0000E+00 0.0000E+00 6.1592E-33 4.6417E-31
Fe60 1.8359E-07 2.1540E-07 3.5613E-07 2.4581E-06 0.0000E+00 0.0000E+00 3.7393E-38 1.6684E-37 1.1574E-10
Fe61 1.1820E-15 1.2852E-16 5.2162E-16 1.5539E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 1.0929E-59 1.2381E-59 1.6551E-59 1.7858E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 9.9876E-05 2.0428E-04 1.7473E-04 1.2884E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 1.6896E-06 1.7358E-06 1.8495E-06 1.5383E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 1.3757E-04 1.2755E-04 1.3331E-04 1.1259E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 2.4651E-07 4.1974E-07 4.2663E-07 4.5536E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 8.8125E-06 1.7017E-05 3.6434E-05 4.3440E-05 7.3156E-07 4.7840E-06 7.6431E-06 1.7038E-05 3.2585E-05
Co60 2.1565E-07 8.3916E-07 8.5655E-07 2.9151E-06 0.0000E+00 0.0000E+00 0.0000E+00 1.0852E-30 2.0776E-16
Co61 1.2864E-09 1.1474E-08 4.9285E-09 3.6974E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 7.0000E-02 7.0000E-02 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.5820E-03 2.4017E-03 2.4528E-03 2.1047E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 4.1781E-03 4.4675E-03 4.5228E-03 4.4797E-03 8.3142E-06 5.4370E-05 8.6866E-05 1.9364E-04 3.3204E-04
Ni59 1.5540E-04 1.3250E-04 1.3851E-04 1.1173E-04 4.6381E-30 6.7310E-21 3.7498E-19 2.6156E-18 2.4043E-07
Ni60 1.6004E-03 1.4293E-03 1.4161E-03 1.4929E-03 3.3131E-06 2.1666E-05 3.4614E-05 7.7161E-05 1.3562E-04
Ni61 5.2531E-05 4.5570E-05 5.2639E-05 5.6960E-05 1.4642E-07 9.5749E-07 1.5297E-06 3.4100E-06 6.9198E-06
Ni62 2.0626E-05 3.0184E-05 4.9690E-05 8.9269E-05 4.7450E-07 3.1029E-06 4.9575E-06 1.1051E-05 2.0796E-05
Ni63 8.9013E-07 1.5996E-06 4.6558E-06 1.4404E-05 0.0000E+00 0.0000E+00 2.0888E-42 3.3831E-29 3.2106E-25
Ni64 2.2152E-06 3.4965E-06 1.0307E-05 3.0752E-05 1.2474E-07 8.1572E-07 1.3032E-06 2.9052E-06 5.3084E-06
Ni65 2.1480E-10 2.6988E-09 1.6268E-09 2.7906E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 1.0929E-59 1.2381E-59 1.6551E-59 1.7858E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 1.1864E-33 8.5593E-37 1.6000E-33 4.2152E-37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 4.1100E-19 5.8512E-20 5.3914E-20 8.0468E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 3.5416E-08 3.0357E-08 3.0503E-08 3.1099E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 3.9124E-05 3.1399E-05 3.1434E-05 2.8181E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 4.6481E-07 4.3282E-07 4.8836E-07 3.7598E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Cu63 1.8816E-06 3.6382E-06 6.8931E-06 1.6277E-05 8.5635E-08 5.6001E-07 8.9470E-07 1.9945E-06 4.1277E-06
Cu64 2.8793E-08 2.0034E-07 2.4160E-07 1.1481E-06 0.0000E+00 0.0000E+00 0.0000E+00 1.1481E-34 6.0183E-33
Cu65 7.8053E-07 2.0969E-06 6.6201E-06 2.3057E-05 3.9380E-08 2.5752E-07 4.1145E-07 9.1718E-07 1.9479E-06
Cu66 3.1566E-14 1.6667E-14 1.1047E-13 7.9131E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 1.5714E-22 1.6289E-23 8.0323E-23 3.8954E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 1.0239E-21 5.3707E-24 2.4034E-22 1.8448E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 6.3011E-04 6.2213E-04 5.9815E-04 5.3012E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 1.1969E-09 1.2285E-09 1.0917E-09 1.6591E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 9.2634E-06 1.0226E-05 1.2267E-05 2.3279E-05 1.4338E-07 9.3761E-07 1.4980E-06 3.3393E-06 6.0341E-06
Zn65 8.3235E-07 9.7885E-07 1.4933E-06 3.5114E-06 0.0000E+00 0.0000E+00 8.2774E-29 1.1132E-29 3.0350E-26
Zn66 4.0221E-06 6.6664E-06 1.0490E-05 3.5220E-05 8.4828E-08 5.5473E-07 8.8627E-07 1.9757E-06 3.5455E-06
Zn67 1.7400E-07 3.5872E-07 1.5106E-06 6.0934E-06 1.2655E-08 8.2755E-08 1.3221E-07 2.9473E-07 5.3590E-07
Zn68 7.7450E-07 1.4485E-06 4.7910E-06 2.4198E-05 5.8736E-08 3.8411E-07 6.1366E-07 1.3680E-06 2.4400E-06
Zn69 1.5230E-11 1.3790E-10 3.4073E-10 3.6621E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 1.3191E-08 2.9833E-08 2.9288E-08 4.7476E-07 1.9993E-09 1.3074E-08 2.0889E-08 4.6565E-08 7.9933E-08
Zn71 1.5060E-18 7.3438E-20 4.1549E-18 2.4612E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 1.0929E-59 1.2381E-59 1.6551E-59 1.7858E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 2.4467E-30 2.0748E-32 3.1242E-28 1.4068E-31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 2.4515E-23 4.1424E-25 1.2217E-23 2.6486E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 1.7100E-13 1.2513E-13 1.2668E-13 1.1692E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 7.0445E-06 6.4706E-06 6.1317E-06 5.2037E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 2.5953E-08 4.4160E-08 5.8187E-08 2.4376E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 2.8406E-11 1.9483E-10 2.8879E-10 1.3658E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 1.0602E-07 3.0859E-07 8.1822E-07 4.6282E-06 5.7700E-09 3.7733E-08 6.0284E-08 1.3438E-07 2.4277E-07
Ga70 4.5710E-13 1.1746E-12 5.0877E-12 4.7236E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 5.9294E-08 1.2260E-07 3.6122E-07 1.7082E-06 3.9404E-09 2.5768E-08 4.1168E-08 9.1774E-08 1.6581E-07
Ga72 1.8484E-10 4.3024E-09 6.7456E-09 1.5434E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 3.8636E-31 3.9857E-33 1.1313E-31 2.5364E-32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 1.0914E-33 6.2277E-36 3.4332E-33 1.9566E-34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.3839E-06 1.2706E-06 1.2048E-06 1.0219E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 5.9496E-15 5.9072E-15 5.0543E-15 6.2038E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 7.8077E-09 2.2151E-08 3.5629E-08 2.1171E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 4.6837E-10 3.3120E-09 6.3464E-09 3.4763E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 1.6897E-07 6.7448E-07 1.3821E-06 9.2800E-06 8.2679E-09 5.4067E-08 8.6381E-08 1.9256E-07 3.4512E-07
Ge71 4.9522E-09 3.1652E-08 1.2216E-07 1.0380E-06 0.0000E+00 0.0000E+00 0.0000E+00 1.3110E-34 9.4387E-33
Ge72 1.4812E-07 3.3479E-07 8.4923E-07 5.5216E-06 1.1238E-08 7.3491E-08 1.1741E-07 2.6174E-07 4.5985E-07
Ge73 3.8691E-08 5.3737E-08 2.3512E-07 1.4999E-06 3.1981E-09 2.0914E-08 3.3413E-08 7.4483E-08 1.3063E-07
Ge74 1.7198E-07 2.3257E-07 7.0225E-07 5.0483E-06 1.5216E-08 9.9503E-08 1.5897E-07 3.5438E-07 6.2109E-07
Ge75 6.8385E-12 5.9258E-11 3.0654E-10 3.2439E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 2.0858E-08 2.7083E-08 3.3837E-08 2.7553E-07 3.2779E-09 2.1436E-08 3.4247E-08 7.6342E-08 1.3104E-07
Ge77 8.2113E-13 3.3414E-11 9.4864E-12 2.5887E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 1.5133E-11 1.3174E-10 2.7970E-10 2.9027E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 2.7064E-11 2.5899E-10 5.4013E-10 5.3984E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 1.1099E-09 9.7733E-09 1.9651E-08 1.8621E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 2.4009E-10 2.0150E-09 4.2256E-09 4.3625E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 2.3172E-08 5.8280E-08 1.4339E-07 1.3541E-06 1.8987E-09 1.2417E-08 1.9838E-08 4.4221E-08 7.7063E-08
As76 2.4646E-10 1.9801E-09 9.3356E-09 2.1131E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 5.9271E-10 6.4111E-09 1.1346E-08 4.8719E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 5.4868E-09 4.4310E-08 7.0035E-08 8.1883E-07 1.8282E-10 1.1956E-09 1.9101E-09 4.2579E-09 7.2792E-09
Se75 5.4217E-10 5.3833E-09 9.6975E-09 1.3935E-07 0.0000E+00 0.0000E+00 0.0000E+00 1.0585E-34 8.2803E-33
Se76 3.4569E-08 1.0918E-07 2.0598E-07 2.4040E-06 1.9768E-09 1.2926E-08 2.0652E-08 4.6039E-08 8.1860E-08
Se77 1.5729E-08 1.8980E-08 6.0407E-08 3.6206E-07 1.6308E-09 1.0665E-08 1.7039E-08 3.7982E-08 6.6098E-08
Se78 6.2491E-08 8.0275E-08 2.5197E-07 1.7309E-06 5.1466E-09 3.3656E-08 5.3770E-08 1.1986E-07 2.1142E-07
Se79 5.4270E-09 5.6427E-09 4.7411E-08 4.0044E-07 0.0000E+00 3.4098E-28 6.0946E-24 2.0116E-22 3.0969E-14
Table 30 continued
114 Limongi,Chieffi
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Se80 8.8501E-08 9.7699E-08 1.8786E-07 1.2621E-06 1.1017E-08 7.2044E-08 1.1510E-07 2.5658E-07 4.3984E-07
Se81 8.7884E-15 9.8125E-16 7.3284E-13 6.6771E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.2748E-08 1.5493E-08 1.9998E-08 1.2767E-07 1.9871E-09 1.2995E-08 2.0761E-08 4.6280E-08 7.9614E-08
Se83 1.0720E-16 1.6018E-16 2.6975E-16 4.9534E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 4.7665E-15 3.6945E-14 7.4275E-14 1.0322E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 1.5224E-12 1.3852E-11 3.3408E-11 5.4716E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 4.2168E-11 4.4698E-10 7.4368E-10 1.8734E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 1.9875E-16 1.8092E-16 1.5204E-15 7.6195E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.1564E-08 1.7683E-08 2.7210E-08 1.8862E-07 1.7618E-09 1.1521E-08 1.8406E-08 4.1033E-08 7.0608E-08
Br80 5.3368E-14 1.2650E-13 4.6476E-13 3.7867E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 1.5051E-08 2.1492E-08 3.9844E-08 4.0736E-07 1.7571E-09 1.1491E-08 1.8359E-08 4.0925E-08 7.0290E-08
Br82 5.4934E-11 5.5612E-10 1.1339E-09 4.1925E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 4.7159E-11 6.2316E-10 5.1693E-10 1.7912E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 6.1840E-10 2.1963E-09 3.2306E-09 6.9546E-08 6.3709E-11 4.1662E-10 6.6562E-10 1.4838E-09 2.5386E-09
Kr79 1.7168E-11 1.4053E-10 2.6977E-10 5.3246E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 5.4695E-09 1.6947E-08 2.8819E-08 4.8152E-07 4.1985E-10 2.7456E-09 4.3864E-09 9.7784E-09 1.8268E-08
Kr81 6.3507E-10 1.5182E-09 4.2607E-09 3.9040E-08 0.0000E+00 5.2567E-26 5.3004E-23 5.8256E-22 5.5521E-10
Kr82 2.3103E-08 3.1039E-08 7.4462E-08 5.3674E-07 2.1564E-09 1.4101E-08 2.2530E-08 5.0223E-08 8.9819E-08
Kr83 1.6328E-08 2.1842E-08 4.7583E-08 3.0742E-07 2.1623E-09 1.4140E-08 2.2591E-08 5.0359E-08 8.7288E-08
Kr84 8.1485E-08 9.7458E-08 2.1221E-07 9.7733E-07 1.0785E-08 7.0527E-08 1.1268E-07 2.5118E-07 4.3596E-07
Kr85 3.2448E-09 4.1709E-09 2.0565E-08 1.9035E-07 0.0000E+00 0.0000E+00 0.0000E+00 5.0022E-32 2.2890E-29
Kr86 2.6788E-08 3.1560E-08 5.3187E-08 2.9771E-07 3.3390E-09 2.1835E-08 3.4886E-08 7.7767E-08 1.3414E-07
Kr87 9.9200E-15 9.5890E-14 1.1045E-13 7.2790E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 5.3406E-19 1.5242E-18 5.8313E-18 9.3703E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 1.5456E-21 3.9082E-24 1.2834E-20 3.4003E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 8.9610E-14 6.9260E-13 1.5522E-12 4.1934E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 1.5978E-13 1.1204E-12 2.9926E-12 6.8383E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 2.7984E-11 1.8899E-10 3.8095E-10 8.9466E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 4.6934E-12 3.1778E-11 7.1995E-11 1.5378E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 1.7687E-08 2.2895E-08 3.8908E-08 1.8201E-07 2.5300E-09 1.6545E-08 2.6433E-08 5.8922E-08 1.0199E-07
Rb86 4.1342E-10 1.5421E-09 4.8482E-09 5.8743E-08 0.0000E+00 0.0000E+00 0.0000E+00 2.3729E-34 1.7357E-32
Rb87 9.4575E-09 1.4604E-08 2.4492E-08 2.9141E-07 1.0656E-09 6.9688E-09 1.1134E-08 2.4819E-08 4.2763E-08
Rb88 5.3746E-16 8.5233E-17 2.9912E-15 3.5133E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 6.5096E-10 2.2195E-09 2.6505E-09 6.5139E-08 4.4086E-11 2.8830E-10 4.6061E-10 1.0268E-09 1.7553E-09
Sr85 2.6020E-11 1.3126E-10 1.9404E-10 3.3646E-09 0.0000E+00 0.0000E+00 0.0000E+00 1.4452E-35 1.0944E-33
Sr86 8.9697E-09 1.5445E-08 3.6281E-08 2.1544E-07 7.9820E-10 5.2198E-09 8.3394E-09 1.8590E-08 3.5263E-08
Sr87 5.2934E-09 8.5766E-09 2.3294E-08 1.1629E-07 5.6438E-10 3.6908E-09 5.8963E-09 1.3144E-08 2.4458E-08
Sr88 5.6707E-08 8.7675E-08 1.7453E-07 7.9555E-07 6.8434E-09 4.4751E-08 7.1498E-08 1.5938E-07 2.8198E-07
Sr89 3.1198E-10 5.8251E-10 2.9393E-09 3.8910E-08 0.0000E+00 0.0000E+00 0.0000E+00 2.6305E-35 1.9752E-33
Sr90 1.0418E-10 1.2478E-10 4.2223E-10 1.0553E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 2.2067E-14 3.8735E-13 2.8941E-13 1.7530E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 2.6153E-16 1.9110E-15 2.2715E-15 1.2058E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 6.8104E-15 3.5827E-14 9.9035E-14 1.5927E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 1.3874E-12 7.0246E-12 1.3161E-11 2.6312E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 3.9955E-12 1.7137E-11 3.7408E-11 5.2220E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 1.4103E-08 2.1698E-08 3.8193E-08 1.4131E-07 1.8314E-09 1.1976E-08 1.9133E-08 4.2655E-08 7.4664E-08
Y90 1.6011E-11 1.4037E-10 3.1843E-10 2.6806E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 3.2100E-11 2.1931E-10 3.8498E-10 1.0774E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 1.6217E-08 2.2945E-08 3.6494E-08 1.1419E-07 2.2336E-09 1.4607E-08 2.3337E-08 5.2021E-08 9.0179E-08
Zr91 3.4650E-09 4.2670E-09 7.8893E-09 1.7614E-08 4.9253E-10 3.2208E-09 5.1459E-09 1.1471E-08 1.9898E-08
Zr92 5.4074E-09 6.8500E-09 1.1552E-08 2.8070E-08 7.6111E-10 4.9772E-09 7.9520E-09 1.7726E-08 3.0788E-08
Zr93 1.9350E-10 4.0938E-10 1.6021E-09 6.4655E-09 6.4104E-35 7.7654E-25 7.2957E-23 5.4281E-22 1.2399E-10
Zr94 5.3228E-09 6.2528E-09 9.9003E-09 2.0502E-08 7.8808E-10 5.1537E-09 8.2336E-09 1.8354E-08 3.1804E-08
Zr95 4.2554E-11 7.0695E-11 4.0248E-10 2.7684E-09 0.0000E+00 0.0000E+00 0.0000E+00 2.6161E-35 1.9803E-33
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Zr96 6.7450E-11 6.2194E-11 2.7540E-10 3.5856E-09 2.2565E-11 3.0088E-11 4.5132E-11 6.0179E-11 9.0269E-11
Zr97 2.5088E-15 1.0865E-13 2.6940E-14 2.9771E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 5.5307E-12 2.5616E-11 3.7178E-11 2.4551E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 7.0961E-13 3.5209E-12 4.9945E-12 3.7068E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 2.0390E-09 2.2279E-09 2.8771E-09 3.4406E-09 3.4031E-10 2.2255E-09 3.5555E-09 7.9260E-09 1.3555E-08
Nb94 4.8044E-13 1.2499E-12 3.5930E-12 2.6085E-11 0.0000E+00 1.4563E-32 2.4709E-26 8.1504E-25 1.8431E-21
Nb95 1.2531E-11 3.2036E-12 6.1989E-11 8.4893E-11 0.0000E+00 0.0000E+00 0.0000E+00 1.4280E-35 1.1049E-33
Nb96 2.8351E-13 5.4226E-14 4.5644E-12 1.4790E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 1.8441E-14 1.1559E-14 9.4966E-14 2.8030E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 9.0364E-10 1.2729E-09 1.5691E-09 2.7921E-09 1.2862E-10 8.4109E-10 1.3438E-09 2.9955E-09 5.1291E-09
Mo93 5.4693E-12 1.9290E-11 2.8391E-11 8.2364E-11 0.0000E+00 3.7527E-40 6.2902E-28 4.5987E-26 1.4181E-16
Mo94 6.9178E-10 9.0494E-10 1.2266E-09 2.0282E-09 8.2792E-11 5.4142E-10 8.6500E-10 1.9283E-09 3.3393E-09
Mo95 9.2408E-10 1.0393E-09 1.4088E-09 1.7346E-09 1.4482E-10 9.4702E-10 1.5130E-09 3.3728E-09 5.8093E-09
Mo96 1.8694E-09 2.2286E-09 3.1347E-09 4.3018E-09 2.6115E-10 1.8253E-09 2.9190E-09 6.5474E-09 1.1315E-08
Mo97 5.9294E-10 6.7691E-10 1.0046E-09 1.3632E-09 8.9617E-11 5.8605E-10 9.3630E-10 2.0872E-09 3.6072E-09
Mo98 1.5367E-09 1.7867E-09 2.7254E-09 3.9020E-09 2.3007E-10 1.5045E-09 2.4037E-09 5.3583E-09 9.2848E-09
Xe132 5.0080E-09 5.7542E-09 8.2585E-09 1.1674E-08 7.7169E-10 5.0464E-09 8.0625E-09 1.7973E-08 3.0997E-08
Xe133 2.6317E-12 3.3563E-11 6.8763E-11 5.9710E-10 0.0000E+00 0.0000E+00 0.0000E+00 4.6955E-36 3.2512E-34
Xe134 1.8417E-09 2.0343E-09 2.7260E-09 4.5140E-09 2.8925E-10 1.8916E-09 3.0220E-09 6.7369E-09 1.1566E-08
Xe135 1.1551E-13 8.6683E-13 5.1897E-13 4.9611E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 1.2571E-09 1.3956E-09 1.9165E-09 2.3492E-09 2.0288E-10 1.3268E-09 2.1197E-09 4.7252E-09 8.1063E-09
Cs134 1.9732E-12 7.1627E-12 2.4310E-11 7.9908E-11 0.0000E+00 0.0000E+00 0.0000E+00 1.4814E-33 1.7884E-31
Cs135 2.1571E-11 2.8597E-11 1.0129E-10 5.2869E-10 4.3569E-35 1.7921E-25 1.3161E-23 9.4821E-23 3.5526E-12
Cs136 1.9777E-12 4.8583E-12 1.6036E-11 2.0995E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.2840E-39
Cs137 1.2516E-11 9.2409E-12 2.1927E-11 8.4076E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 1.0151E-18 1.5003E-19 2.7561E-20 2.0678E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 5.6397E-10 7.1872E-10 1.1632E-09 1.7334E-09 6.2197E-11 4.0674E-10 6.4982E-10 1.4486E-09 2.5970E-09
Ba135 1.0340E-09 1.1458E-09 1.5636E-09 1.8537E-09 1.7090E-10 1.1176E-09 1.7855E-09 3.9803E-09 6.8303E-09
Ba136 1.5439E-09 1.9564E-09 3.1839E-09 4.7712E-09 2.0512E-10 1.3415E-09 2.1431E-09 4.7774E-09 8.4522E-09
Ba137 1.9560E-09 2.2735E-09 3.4321E-09 4.7660E-09 2.9551E-10 1.9325E-09 3.0874E-09 6.8826E-09 1.1984E-08
Ba138 1.2948E-08 1.5688E-08 2.4435E-08 3.7255E-08 1.9000E-09 1.2426E-08 1.9852E-08 4.4253E-08 7.7007E-08
Ba139 7.8549E-15 6.9306E-14 5.0641E-16 6.1118E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.3196E-12 1.5412E-12 2.0694E-12 2.7301E-12 2.0059E-13 1.3118E-12 2.0958E-12 4.6718E-12 8.0675E-12
La139 1.5039E-09 1.8128E-09 2.8398E-09 4.3925E-09 2.2183E-10 1.4507E-09 2.3177E-09 5.1664E-09 8.9659E-09
La140 9.8315E-14 1.5121E-12 1.5929E-14 9.4694E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 3.9628E-09 4.6210E-09 6.8725E-09 9.7854E-09 5.9734E-10 3.9063E-09 6.2409E-09 1.3912E-08 2.4071E-08
Ce141 3.8793E-12 1.3023E-11 2.8035E-12 2.5732E-10 0.0000E+00 0.0000E+00 0.0000E+00 3.0884E-36 2.2901E-34
Pr141 6.0264E-10 6.9921E-10 9.7888E-10 1.2185E-09 9.3889E-11 6.1399E-10 9.8093E-10 2.1867E-09 3.7646E-09
Pr142 6.2896E-14 1.3972E-12 4.6834E-13 3.1582E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 9.2126E-10 1.2049E-09 1.7374E-09 2.6574E-09 1.2816E-10 8.3810E-10 1.3390E-09 2.9849E-09 5.1818E-09
Nd143 3.5115E-10 3.8946E-10 5.2367E-10 6.4167E-10 5.7377E-11 3.7522E-10 5.9947E-10 1.3363E-09 2.2940E-09
Nd144 7.4291E-10 8.3162E-10 1.1755E-09 1.4631E-09 1.1403E-10 7.4572E-10 1.1914E-09 2.6559E-09 4.5810E-09
Hg202 7.5538E-10 8.6721E-10 1.2908E-09 1.7445E-09 1.1320E-10 7.4026E-10 1.1827E-09 2.6364E-09 4.5705E-09
Hg203 1.9869E-13 4.8216E-12 1.2221E-12 5.1205E-11 0.0000E+00 0.0000E+00 0.0000E+00 5.8537E-36 4.3304E-34
Hg204 1.6468E-10 1.7986E-10 2.3804E-10 2.9405E-10 2.6301E-11 1.7200E-10 2.7479E-10 6.1255E-10 1.0499E-09
Hg205 4.8972E-20 7.9833E-21 3.4757E-20 4.0692E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 3.9636E-10 4.5364E-10 6.9642E-10 9.3224E-10 6.0404E-11 3.9501E-10 6.3109E-10 1.4068E-09 2.4322E-09
Tl204 8.5624E-13 4.9982E-12 9.2584E-12 6.4693E-11 0.0000E+00 0.0000E+00 0.0000E+00 2.2805E-34 4.0526E-32
Tl205 9.3212E-10 1.0486E-09 1.4776E-09 1.9081E-09 1.4561E-10 9.5222E-10 1.5213E-09 3.3913E-09 5.8658E-09
Tl206 1.0579E-18 4.4085E-19 1.3646E-18 9.3913E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 2.2458E-10 2.9806E-10 4.7288E-10 7.0436E-10 2.9068E-11 1.9008E-10 3.0370E-10 6.7698E-10 1.1993E-09
Pb205 1.0916E-11 2.3762E-11 7.3454E-11 1.4308E-10 9.1289E-35 1.5459E-25 5.1781E-24 2.7804E-23 3.2718E-20
Pb206 1.8425E-09 2.2011E-09 3.2724E-09 4.5511E-09 2.7311E-10 1.7860E-09 2.8534E-09 6.3611E-09 1.1061E-08
Pb207 2.0069E-09 2.3185E-09 3.5046E-09 4.7700E-09 3.0371E-10 1.9860E-09 3.1731E-09 7.0733E-09 1.2254E-08
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Pb208 5.7296E-09 6.5654E-09 9.6017E-09 1.2655E-08 8.7350E-10 5.7122E-09 9.1262E-09 2.0344E-08 3.5199E-08
Pb209 2.4794E-16 9.6451E-16 1.2393E-18 2.7232E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 1.5412E-11 4.0345E-11 3.8033E-11 7.8907E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 7.6379E-10 8.5704E-10 1.2004E-09 1.4396E-09 1.1845E-10 7.7461E-10 1.2375E-09 2.7588E-09 4.7603E-09
v=150 km/s - [Fe/H]=-1
H 4.7487E+00 5.2103E+00 6.2667E+00 7.8504E+00 2.6426E+00 1.1030E+01 1.5702E+01 1.8895E+01 2.5102E+01
H2 1.3661E-16 1.9334E-16 1.8215E-13 3.7153E-12 1.5827E-11 1.4717E-10 5.0735E-09 1.2683E-08 6.3079E-07
H3 2.5852E-28 1.8589E-23 1.2607E-17 1.1088E-15 6.8295E-15 1.4997E-13 8.2475E-13 2.8050E-12 5.9869E-12
He3 2.0270E-04 2.1302E-04 2.4872E-04 2.7272E-04 1.2453E-04 1.5489E-04 3.9354E-04 6.8745E-04 1.1437E-03
He4 3.9081E+00 4.4945E+00 5.9601E+00 7.4117E+00 1.4473E+00 7.5962E+00 1.6655E+01 2.1211E+01 4.9781E+01
Li6 2.4933E-13 4.4978E-13 1.1687E-12 2.2029E-12 3.4271E-12 5.5263E-12 2.9033E-12 4.8427E-12 9.8015E-12
Li7 3.7395E-10 7.0281E-10 6.2587E-11 2.4399E-10 7.6927E-11 1.3694E-09 4.5308E-08 1.8879E-08 1.9646E-10
Be7 9.3756E-14 1.9162E-12 2.7440E-10 3.6011E-13 7.6603E-15 5.9510E-14 4.5577E-09 2.0459E-08 8.3028E-12
Be9 6.8751E-14 1.2067E-13 3.2884E-13 6.3760E-13 9.6696E-13 1.6454E-12 7.5701E-13 1.1721E-12 2.4148E-12
Be10 9.2555E-60 1.0394E-59 1.0899E-59 1.3456E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 4.9898E-13 8.2670E-13 2.1930E-12 4.2306E-12 6.4060E-12 1.0956E-11 5.3050E-12 7.8249E-12 1.6039E-11
B11 2.1174E-10 2.2299E-10 2.5419E-10 2.8879E-10 2.0132E-10 2.8806E-10 3.4805E-10 4.1538E-10 1.0377E-09
C12 3.1511E-01 4.0634E-01 5.9515E-01 7.0492E-01 9.0237E-04 1.3427E-03 9.9931E-01 1.8329E+00 1.9157E+00
C13 3.0397E-04 6.4979E-04 7.8224E-04 3.7576E-04 6.1553E-05 1.3646E-04 1.5378E-03 1.7409E-03 6.3642E-04
C14 8.4018E-04 3.9140E-03 8.7319E-03 8.8715E-03 2.3175E-26 1.9792E-20 6.0869E-13 1.4415E-11 3.4360E-12
N13 3.6918E-14 3.6591E-13 3.0385E-13 1.2261E-11 0.0000E+00 0.0000E+00 3.0520E-14 5.5227E-14 2.7026E-14
N14 6.9286E-02 9.0315E-02 1.2276E-01 7.3949E-02 4.0883E-03 3.1046E-02 4.7701E-02 5.8050E-02 1.2196E-01
N15 3.4777E-04 1.8827E-03 5.3810E-03 2.3616E-03 2.6638E-07 8.4764E-07 1.3739E-06 1.7704E-06 3.8521E-06
N16 8.6942E-27 2.3000E-25 2.8559E-22 9.7248E-25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 4.5537E-17 8.4864E-17 4.5051E-17 2.0860E-16 0.0000E+00 2.1799E-40 2.0260E-15 4.3395E-15 4.5668E-15
O16 1.2382E+00 1.8853E+00 3.2962E+00 4.8261E+00 5.1833E-03 1.3297E-02 1.5950E-01 3.4108E-01 2.8997E-01
O17 1.6328E-04 4.1917E-04 7.1516E-04 5.4474E-04 2.7014E-06 1.2913E-05 1.6926E-05 1.5508E-05 1.8071E-05
O18 2.2510E-02 2.5289E-02 5.9970E-02 7.9759E-02 9.8091E-06 1.1556E-05 5.5207E-05 8.5765E-05 8.7813E-05
O19 2.1381E-21 2.0296E-21 4.7637E-20 4.1207E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 3.2666E-19 7.9235E-19 4.3591E-18 8.2953E-16 0.0000E+00 0.0000E+00 5.2852E-19 1.2568E-18 1.0320E-18
F18 2.5500E-07 1.0173E-06 2.2793E-06 4.0839E-07 0.0000E+00 0.0000E+00 1.1110E-19 2.7232E-19 1.2828E-18
F19 2.0877E-05 8.1049E-05 4.2554E-04 5.1246E-04 1.2022E-07 1.4827E-07 3.4042E-06 3.3955E-06 6.5345E-06
F20 4.1670E-21 7.2564E-22 6.2350E-19 2.5200E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 6.7900E-02 1.1237E-01 1.5092E-01 5.6652E-01 4.6225E-04 2.0581E-03 3.6008E-03 4.5685E-03 7.9225E-03
Ne21 2.7289E-04 3.8698E-04 5.9886E-04 8.8452E-04 1.4129E-06 4.2662E-06 8.4858E-06 1.4277E-05 1.2382E-05
Ne22 1.4279E-02 1.7837E-02 5.2713E-02 1.0740E-01 2.3360E-05 5.4766E-05 1.3106E-02 2.1140E-02 2.7430E-02
Ne23 1.2081E-15 8.5734E-16 1.3092E-16 1.3505E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 1.2479E-14 1.2260E-14 6.2229E-17 1.7732E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 5.8257E-07 5.8896E-07 1.0811E-06 2.2147E-06 0.0000E+00 0.0000E+00 2.7142E-18 8.8588E-18 1.0302E-17
Na23 7.6732E-04 1.2015E-03 1.5249E-03 4.6153E-03 4.5679E-05 3.1812E-04 6.5879E-04 8.5108E-04 1.9579E-03
Na24 2.0310E-07 2.0596E-06 3.0676E-06 2.2405E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 5.8342E-15 3.4304E-15 4.6738E-17 1.8815E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.4492E-02 3.4099E-02 5.7559E-02 1.2343E-01 4.0550E-04 1.8471E-03 3.3286E-03 4.1951E-03 7.6724E-03
Mg25 2.0253E-03 2.9375E-03 4.7877E-03 1.0044E-02 3.4765E-05 1.0545E-04 2.1626E-04 3.4330E-04 4.2322E-04
Mg26 1.9721E-03 2.9391E-03 4.8800E-03 1.2020E-02 6.9329E-05 3.2249E-04 4.4848E-04 5.4790E-04 6.5565E-04
Mg27 2.6509E-13 2.0227E-13 9.7491E-14 1.3587E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 1.8937E-17 4.5637E-17 3.3182E-18 2.2320E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 4.4688E-05 5.0130E-05 9.6660E-05 1.2579E-04 5.6831E-07 1.2076E-05 4.7530E-06 9.3811E-06 3.4668E-05
Alg6 1.0166E-06 1.0814E-06 1.3013E-06 1.9436E-06 5.6831E-07 1.2076E-05 4.7530E-06 9.3811E-06 3.4668E-05
Alm6 4.8622E-15 2.3126E-14 1.6451E-14 9.4731E-17 0.0000E+00 0.0000E+00 2.7842E-24 9.7461E-24 1.7961E-21
Al27 1.1030E-03 2.8918E-03 5.0043E-03 1.1371E-02 3.3952E-05 1.9421E-04 5.2072E-04 7.0589E-04 1.7018E-03
Al28 6.7332E-15 5.5954E-15 2.2694E-13 1.2452E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Si27 1.5215E-19 7.5533E-20 1.5666E-18 1.1406E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 1.4216E-01 1.1028E-01 2.1672E-01 2.0886E-01 6.4877E-04 2.9548E-03 5.3195E-03 6.7134E-03 1.2251E-02
Si29 7.8410E-04 1.4941E-03 3.0571E-03 4.7650E-03 3.4112E-05 1.5533E-04 2.8089E-04 3.5704E-04 6.4581E-04
Si30 5.8152E-04 2.3294E-03 4.6582E-03 6.2876E-03 2.3269E-05 1.0598E-04 1.9324E-04 2.4643E-04 4.4691E-04
Si31 2.1720E-09 2.7712E-08 6.4157E-08 7.5592E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 1.1906E-09 6.5981E-09 2.4016E-08 2.1860E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 1.2398E-19 1.1484E-19 4.2108E-21 2.9828E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 4.9765E-14 4.4049E-14 1.6912E-12 6.5130E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 4.3417E-04 5.5277E-04 1.2992E-03 1.5140E-03 2.4069E-06 1.0962E-05 2.1714E-05 2.8709E-05 5.0309E-05
P32 4.7522E-07 5.8331E-07 1.1943E-06 2.4531E-06 0.0000E+00 0.0000E+00 4.3433E-33 1.5420E-31 9.6655E-16
P33 3.8265E-07 3.5518E-07 7.0287E-07 7.2549E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.8531E-16
P34 1.0241E-20 3.0028E-21 3.4566E-23 8.8142E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 1.0557E-25 3.2534E-26 5.8186E-22 2.0952E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 1.3344E-01 6.5569E-02 7.8820E-02 7.1862E-02 2.7076E-04 1.2330E-03 2.2072E-03 2.7752E-03 5.0738E-03
S33 1.0357E-03 3.0408E-04 7.6438E-04 7.3947E-04 2.2354E-06 1.0180E-05 2.7874E-05 4.3540E-05 6.7012E-05
S34 1.1383E-03 6.6263E-04 4.0532E-03 3.8048E-03 1.3000E-05 5.9203E-05 1.0749E-04 1.3696E-04 2.4783E-04
S35 1.3193E-06 4.9473E-07 1.1490E-06 2.3861E-06 0.0000E+00 0.0000E+00 6.3652E-32 1.2295E-30 5.7610E-16
S36 9.7200E-07 5.0441E-07 8.9909E-07 2.3615E-06 6.4175E-08 2.9224E-07 5.2536E-07 6.6265E-07 1.2085E-06
S37 3.8406E-19 1.8891E-19 2.4668E-20 1.4523E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 2.7725E-23 8.8426E-23 3.9774E-23 5.5987E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 3.3665E-24 2.0273E-24 7.3009E-26 1.7220E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 6.4849E-04 9.6407E-05 3.0573E-04 3.0382E-04 2.5331E-06 1.1535E-05 2.0347E-05 2.5385E-05 4.6717E-05
Cl36 5.9835E-06 1.0777E-06 2.0446E-06 2.8270E-06 1.8109E-18 1.1751E-14 2.2253E-07 4.7206E-07 6.0645E-07
Cl37 2.3583E-05 2.1383E-05 2.9871E-05 4.0021E-05 8.5585E-07 3.8976E-06 1.4308E-05 2.3342E-05 3.4422E-05
Cl38 1.6726E-12 1.3281E-11 3.8695E-11 2.7147E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 3.8211E-02 1.6672E-02 1.3648E-02 1.2885E-02 5.1723E-05 2.3554E-04 4.1639E-04 5.1997E-04 9.5611E-04
Ar37 2.4260E-04 1.7536E-05 5.0677E-05 4.3153E-05 6.8963E-26 2.5710E-24 5.5154E-24 6.2255E-23 1.5413E-15
Ar38 2.5391E-03 1.1641E-04 1.7744E-03 1.5672E-03 9.9264E-06 4.5203E-05 8.1047E-05 1.0219E-04 1.8653E-04
Ar39 1.4241E-06 7.8884E-07 1.2504E-06 1.3523E-06 5.2945E-33 5.6560E-29 7.6965E-26 1.5790E-25 9.0727E-16
Ar40 3.1080E-07 4.9181E-07 7.4426E-07 8.8681E-07 1.6712E-08 7.6104E-08 1.4397E-07 1.9301E-07 3.5321E-07
Ar41 5.6541E-12 8.8928E-11 3.6853E-10 7.5450E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 1.5058E-31 1.0265E-30 5.8461E-31 6.8804E-32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 2.2392E-17 3.5588E-16 7.0651E-14 5.3866E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 1.3544E-03 4.8252E-05 1.8081E-04 1.6510E-04 1.1754E-06 5.3527E-06 9.9168E-06 1.2710E-05 2.2873E-05
K40 3.0777E-06 5.5149E-07 8.4866E-07 1.4838E-06 1.8965E-09 8.6404E-09 2.0079E-07 3.8577E-07 4.8954E-07
K41 1.4532E-06 1.0013E-06 1.4754E-06 2.4262E-06 8.9175E-08 4.0609E-07 7.8850E-07 1.0508E-06 1.8208E-06
K42 9.2106E-09 2.6465E-08 7.5926E-08 3.9298E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 4.5684E-02 1.9508E-02 1.1684E-02 1.1654E-02 5.7356E-05 2.6121E-04 4.6414E-04 5.8130E-04 1.0663E-03
Ca41 3.4127E-04 8.5404E-06 1.5326E-05 1.4221E-05 8.1761E-17 3.2728E-13 3.8182E-06 7.1827E-06 9.3780E-06
Ca42 2.0353E-04 1.0202E-05 6.2867E-05 6.0264E-05 4.0196E-07 1.8305E-06 4.9166E-06 7.7685E-06 1.1949E-05
Ca43 3.8070E-06 2.1418E-06 2.9361E-06 4.2795E-06 8.5868E-08 3.9103E-07 8.8500E-07 1.3481E-06 2.1318E-06
Ca44 8.9773E-06 1.2075E-05 1.7168E-05 2.5802E-05 1.3576E-06 6.1827E-06 1.1136E-05 1.4167E-05 2.5663E-05
Ca45 4.4627E-07 3.8610E-07 5.9758E-07 9.3222E-07 0.0000E+00 0.0000E+00 3.2921E-31 6.4277E-30 1.7981E-15
Ca46 2.4889E-07 1.4086E-07 3.8695E-07 3.2586E-07 2.7217E-09 1.2395E-08 2.2079E-08 2.7721E-08 5.0823E-08
Ca47 1.1809E-08 4.0787E-09 9.2802E-09 5.8308E-09 0.0000E+00 0.0000E+00 1.2179E-35 1.5979E-34 6.3455E-17
Ca48 3.1828E-07 3.6466E-07 4.6873E-07 6.0861E-07 1.3277E-07 6.0463E-07 1.0855E-06 1.3679E-06 2.4964E-06
Ca49 3.9337E-18 3.1277E-18 9.1062E-19 2.6950E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 9.8406E-45 9.3164E-44 1.1941E-44 1.3424E-45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 1.0036E-37 3.7808E-38 3.8405E-39 2.1222E-39 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 2.4467E-07 2.4934E-08 2.9910E-08 4.1981E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 2.7187E-07 3.4804E-09 7.5200E-09 8.4039E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 5.8551E-06 1.7507E-06 2.5228E-06 3.9939E-06 1.9197E-08 8.7423E-08 2.3705E-07 3.5517E-07 5.5747E-07
Sc46 8.6621E-08 1.6919E-07 2.7754E-07 4.5229E-07 0.0000E+00 0.0000E+00 6.4508E-32 6.5282E-30 9.4522E-17
Sc47 3.9089E-08 5.3145E-08 8.2382E-08 9.6015E-08 0.0000E+00 0.0000E+00 9.2848E-36 1.2179E-34 1.3140E-16
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Sc48 3.1215E-09 6.8351E-09 2.2621E-08 1.2717E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 3.3528E-13 4.1777E-12 2.1061E-11 4.5960E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 6.8634E-05 3.4916E-05 3.9367E-05 5.6126E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 1.1805E-06 1.3227E-07 1.0991E-07 1.0859E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 1.1127E-04 6.3764E-06 3.2630E-05 3.3680E-05 2.0382E-07 9.2817E-07 1.7026E-06 2.1890E-06 3.9355E-06
Ti47 5.6847E-06 2.2441E-06 3.5783E-06 5.6330E-06 1.8780E-07 8.5522E-07 1.4667E-06 1.8180E-06 3.3717E-06
Ti48 6.1598E-06 6.5020E-06 9.2122E-06 1.3791E-05 1.9004E-06 8.6544E-06 1.4903E-05 1.8359E-05 3.4154E-05
Ti49 1.4929E-06 2.5302E-06 4.2769E-06 7.8006E-06 1.4237E-07 6.4835E-07 1.7528E-06 2.5354E-06 4.0941E-06
Ti50 2.9001E-06 5.2068E-06 9.6157E-06 2.0177E-05 1.3910E-07 6.3344E-07 1.3822E-06 1.9772E-06 3.2745E-06
Ti51 1.7296E-15 1.2395E-15 2.4849E-16 1.0853E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 3.7705E-50 1.0692E-50 2.7325E-51 3.7044E-51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 8.0059E-55 4.4513E-56 3.2101E-50 9.2051E-52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 3.3068E-10 1.0948E-10 1.5062E-10 2.0187E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 1.3645E-06 4.8752E-08 1.2493E-07 1.2733E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 6.9037E-06 4.2136E-06 3.4863E-06 3.7411E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 6.2343E-08 7.7940E-08 1.5866E-07 2.6651E-07 3.2132E-10 1.4633E-09 2.4644E-09 3.0127E-09 5.6504E-09
V51 7.2414E-07 8.3163E-07 1.5448E-06 2.8826E-06 1.3077E-07 5.9551E-07 1.0855E-06 1.3666E-06 2.4813E-06
V52 7.4207E-16 4.8238E-16 8.6527E-16 3.4592E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 8.1294E-05 8.6910E-05 9.9779E-05 1.2294E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 8.9876E-09 7.9789E-09 5.7284E-09 5.7128E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 1.5788E-04 3.5841E-05 4.7331E-05 4.5638E-05 2.8641E-07 1.3043E-06 2.1917E-06 2.6780E-06 5.0254E-06
Cr51 1.3691E-05 6.8391E-06 5.7563E-06 5.8269E-06 1.0185E-26 2.3342E-25 1.6790E-24 2.7725E-23 1.0330E-18
Cr52 2.2311E-05 1.7137E-05 2.8244E-05 3.5637E-05 5.7442E-06 2.6158E-05 4.6649E-05 5.8495E-05 1.0719E-04
Cr53 1.5341E-06 1.7241E-06 2.2951E-06 3.2431E-06 6.6387E-07 3.0231E-06 5.2876E-06 6.6197E-06 1.2166E-05
Cr54 1.4875E-06 2.0565E-06 2.9332E-06 4.5458E-06 1.6836E-07 7.6672E-07 2.0117E-06 2.9816E-06 4.7515E-06
Cr55 3.7497E-16 2.4790E-16 2.6056E-17 2.1530E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 9.2555E-60 1.0394E-59 1.1125E-58 1.4192E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 1.2931E-08 1.6770E-08 9.5430E-09 9.3723E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 1.5342E-04 1.7405E-04 1.7101E-04 1.6894E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 5.7341E-05 6.2635E-05 4.9329E-05 4.9822E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 2.1651E-07 7.7641E-08 1.9721E-07 2.5733E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.0140E-05 1.0682E-05 1.3573E-05 1.7243E-05 4.4706E-06 2.0360E-05 4.0651E-05 5.2768E-05 9.2589E-05
Mn56 6.3361E-10 3.0339E-09 6.0726E-09 3.9873E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 1.4836E-22 6.7660E-23 3.6605E-20 4.8771E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 4.5668E-04 5.2432E-04 5.1719E-04 5.1009E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 6.2235E-19 4.1511E-16 4.4343E-14 7.2786E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 2.6195E-03 4.3928E-03 1.6393E-03 1.8022E-03 3.0144E-05 1.3727E-04 2.3411E-04 2.8760E-04 5.3669E-04
Fe55 1.2238E-04 8.0302E-05 5.3981E-05 5.5224E-05 2.4765E-17 9.8790E-20 6.5594E-12 8.9767E-10 8.4064E-11
Fe56 1.1812E-03 1.1895E-03 1.5405E-03 1.9159E-03 4.9072E-04 2.2347E-03 3.9741E-03 4.9741E-03 9.1291E-03
Fe57 4.0425E-05 4.3909E-05 5.5256E-05 6.6729E-05 1.1535E-05 5.2531E-05 1.2282E-04 1.7439E-04 2.8733E-04
Fe58 4.9276E-05 6.7526E-05 8.4017E-05 9.9859E-05 1.5621E-06 7.1135E-06 3.5903E-05 6.7872E-05 9.1515E-05
Fe59 3.0222E-06 2.4725E-06 3.0615E-06 2.5447E-06 0.0000E+00 0.0000E+00 5.2949E-31 1.6507E-28 1.6293E-14
Fe60 1.8308E-06 7.3010E-07 2.1753E-06 1.0449E-06 1.8151E-24 3.9189E-18 6.9865E-11 3.7342E-10 7.2792E-10
Fe61 2.3998E-16 5.0763E-17 4.9244E-18 2.6917E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 9.2555E-60 1.0394E-59 1.0899E-59 1.3456E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 1.6660E-04 2.3692E-04 1.4057E-04 1.4548E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 3.7997E-06 4.0355E-06 1.5565E-06 1.8690E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 1.3970E-04 1.1845E-04 1.2670E-04 1.3428E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 7.5017E-07 2.0723E-07 2.6655E-07 2.3454E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 1.7066E-05 2.6446E-05 3.3914E-05 4.4318E-05 1.7413E-06 7.9299E-06 1.6189E-05 2.3296E-05 3.8496E-05
Co60 7.9848E-07 1.4965E-06 1.5195E-06 1.5279E-06 3.5080E-30 7.5614E-24 1.2750E-16 6.7948E-16 3.5414E-15
Co61 1.0590E-09 2.5982E-08 5.0337E-08 2.1167E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 7.0000E-02 7.0000E-02 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.3620E-03 2.1925E-03 2.3780E-03 2.5144E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Table 30 continued
The evolution of rotating massive stars at various metallicities 119
Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ni58 4.3679E-03 4.8409E-03 4.3865E-03 4.1737E-03 1.9790E-05 9.0124E-05 1.5482E-04 1.9029E-04 3.5471E-04
Ni59 1.4883E-04 1.1061E-04 1.2583E-04 1.3335E-04 9.1928E-17 2.5009E-13 2.7815E-06 4.6579E-06 6.2239E-06
Ni60 1.6123E-03 1.4531E-03 1.5704E-03 1.8093E-03 7.8860E-06 3.5913E-05 6.6363E-05 8.5977E-05 1.5373E-04
Ni61 5.0831E-05 4.8639E-05 5.3643E-05 6.4130E-05 3.4851E-07 1.5871E-06 4.7624E-06 7.3696E-06 1.1299E-05
Ni62 3.8026E-05 5.9770E-05 8.6512E-05 1.0765E-04 1.1294E-06 5.1434E-06 1.1001E-05 1.5680E-05 2.6045E-05
Ni63 4.8284E-06 9.0802E-06 1.3078E-05 1.5745E-05 2.2431E-35 7.7979E-31 4.8615E-26 2.3886E-25 1.1837E-14
Ni64 1.6193E-05 3.1125E-05 5.0493E-05 7.7626E-05 2.9691E-07 1.3521E-06 2.6070E-06 3.5151E-06 6.1242E-06
Ni65 2.9286E-09 5.7895E-08 1.9846E-07 1.8830E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 9.2555E-60 1.0394E-59 1.0899E-59 1.3456E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 6.0033E-43 1.4682E-43 9.5021E-38 7.4241E-38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 4.7326E-21 1.3416E-21 9.9964E-22 3.7068E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 3.2186E-08 2.9732E-08 3.1843E-08 3.6880E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 3.3702E-05 2.8144E-05 2.9180E-05 3.3675E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 4.5292E-07 3.8505E-07 3.7460E-07 3.9697E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 8.8220E-06 1.2651E-05 1.8534E-05 2.4853E-05 2.0384E-07 9.2826E-07 2.3786E-06 3.6650E-06 5.7269E-06
Cu64 2.3611E-07 6.4509E-07 1.1390E-06 9.5600E-07 0.0000E+00 0.0000E+00 6.3702E-33 8.1077E-31 1.0637E-16
Cu65 9.8027E-06 1.9294E-05 3.1229E-05 5.3814E-05 9.3737E-08 4.2686E-07 1.0485E-06 1.5799E-06 2.4340E-06
Cu66 2.4378E-14 2.0286E-14 8.0050E-15 2.9469E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 6.2428E-25 6.4409E-25 1.4380E-23 1.3108E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 2.6016E-29 2.1245E-27 6.1893E-23 7.6593E-25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 6.2910E-04 5.2004E-04 5.9543E-04 6.0923E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 2.7919E-09 1.6756E-09 1.7113E-09 2.1928E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 3.2472E-05 1.9371E-05 2.1084E-05 2.9383E-05 3.4128E-07 1.5542E-06 2.8960E-06 3.8190E-06 6.7083E-06
Zn65 1.3821E-06 2.0472E-06 3.0372E-06 3.4959E-06 2.7569E-31 4.7438E-28 1.8247E-27 1.3437E-26 4.1016E-16
Zn66 1.4162E-05 2.9060E-05 5.3594E-05 7.3695E-05 2.0192E-07 9.1952E-07 1.6800E-06 2.1781E-06 3.8915E-06
Zn67 2.1445E-06 4.2481E-06 7.2304E-06 1.5655E-05 3.0122E-08 1.3717E-07 2.6191E-07 3.4588E-07 6.0801E-07
Zn68 1.1804E-05 2.6369E-05 4.9945E-05 9.5665E-05 1.3981E-07 6.3669E-07 1.1967E-06 1.5652E-06 2.7783E-06
Zn69 3.1423E-10 3.8891E-09 1.2859E-08 5.1983E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 6.3223E-08 6.8156E-07 2.4771E-06 9.4836E-07 4.7591E-09 2.1672E-08 3.7678E-08 4.6634E-08 8.6421E-08
Zn71 2.6115E-21 1.6442E-21 5.1643E-21 1.8521E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 9.2555E-60 1.0394E-59 1.0899E-59 1.3456E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 5.0969E-35 4.4221E-36 5.7073E-32 9.3353E-33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 2.9960E-33 3.0451E-28 5.4801E-24 7.5551E-27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 1.2764E-13 1.0653E-13 1.1401E-13 1.4053E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 6.8042E-06 5.1535E-06 5.6127E-06 5.9237E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 1.0424E-07 9.0676E-08 1.6980E-07 1.7563E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 3.8411E-10 4.7620E-10 9.9749E-10 1.0378E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 2.0267E-06 5.1273E-06 1.0532E-05 1.6846E-05 1.3734E-08 6.2544E-08 1.2506E-07 1.6701E-07 2.9058E-07
Ga70 3.7774E-13 1.6874E-12 1.4141E-11 8.3049E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 9.7724E-07 3.3949E-06 7.6278E-06 1.1905E-05 9.3795E-09 4.2713E-08 8.6561E-08 1.1716E-07 2.0184E-07
Ga72 2.4332E-08 2.7758E-07 1.0284E-06 3.3589E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 1.4390E-43 5.5660E-38 3.2344E-32 9.2454E-35 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 5.7080E-44 1.8017E-40 1.2411E-35 2.2961E-36 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.3329E-06 1.0099E-06 1.1005E-06 1.1617E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 6.8630E-15 4.3913E-15 6.7010E-15 7.8754E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 6.9299E-07 1.0987E-07 9.8371E-08 9.8122E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 1.9660E-08 1.4019E-08 2.6519E-08 2.5769E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 3.6897E-06 8.5716E-06 1.7826E-05 2.7155E-05 1.9680E-08 8.9620E-08 1.7646E-07 2.3467E-07 4.1043E-07
Ge71 3.6063E-07 6.0536E-07 1.1865E-06 2.9774E-06 0.0000E+00 0.0000E+00 6.5856E-33 2.5480E-31 1.1677E-15
Ge72 2.8703E-06 7.0827E-06 1.5262E-05 2.8807E-05 2.6750E-08 1.2182E-07 2.2249E-07 2.8681E-07 5.1486E-07
Ge73 8.0565E-07 1.6018E-06 3.1065E-06 8.5296E-06 7.6123E-09 3.4667E-08 6.2882E-08 8.0759E-08 1.4535E-07
Ge74 3.9780E-06 8.6799E-06 1.8499E-05 4.1928E-05 3.6218E-08 1.6493E-07 3.0384E-07 3.9071E-07 7.0107E-07
Ge75 2.8561E-10 3.4928E-09 1.4079E-08 1.2281E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 6.0986E-08 3.9825E-07 1.5580E-06 1.1685E-06 7.8023E-09 3.5530E-08 6.1713E-08 7.6350E-08 1.4153E-07
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ge77 1.4309E-10 3.0974E-08 3.0790E-07 4.5081E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 1.2424E-09 7.3857E-10 1.7170E-09 1.8257E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 1.6849E-09 1.8937E-09 4.2342E-09 3.9426E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 6.7928E-08 1.0805E-07 2.6453E-07 3.3667E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 7.6884E-09 2.4281E-08 6.4408E-08 9.0878E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 5.8599E-07 2.0108E-06 5.2525E-06 9.1133E-06 4.5195E-09 2.0581E-08 3.6942E-08 4.6986E-08 8.5270E-08
As76 4.3243E-08 6.9006E-08 1.9259E-07 1.0426E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 1.6126E-07 3.2665E-07 1.1001E-06 2.7270E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 3.3155E-07 5.7988E-07 2.1184E-06 2.5390E-06 4.3517E-10 1.9817E-09 3.2168E-09 3.9058E-09 7.4263E-09
Se75 3.9077E-08 8.1035E-08 2.3664E-07 2.7747E-07 0.0000E+00 0.0000E+00 4.9085E-33 8.7541E-33 9.3246E-24
Se76 9.5755E-07 2.7935E-06 7.7046E-06 1.2186E-05 4.7053E-09 2.1427E-08 4.2748E-08 5.6520E-08 9.8556E-08
Se77 3.6298E-07 6.4892E-07 1.2984E-06 3.4283E-06 3.8819E-09 1.7678E-08 3.1941E-08 4.0685E-08 7.3785E-08
Se78 2.0029E-06 4.0330E-06 8.6946E-06 2.1257E-05 1.2250E-08 5.5788E-08 1.0810E-07 1.4195E-07 2.5025E-07
Se79 3.0313E-07 5.9648E-07 1.2955E-06 3.9596E-06 1.1680E-21 6.0837E-22 4.5154E-14 1.1883E-12 5.3499E-14
Se80 1.4817E-06 2.9583E-06 6.3043E-06 1.4962E-05 2.6223E-08 1.1942E-07 2.0480E-07 2.5184E-07 4.7152E-07
Se81 3.9707E-14 2.4397E-14 1.5624E-13 7.4640E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.5524E-08 2.2970E-07 9.2191E-07 1.0173E-06 4.7299E-09 2.1539E-08 3.8054E-08 4.7503E-08 8.7380E-08
Se83 6.8092E-17 3.1653E-14 4.6790E-13 1.7951E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 6.1142E-13 3.0384E-13 6.3880E-13 4.5626E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 2.6675E-10 1.4718E-10 3.8348E-10 4.0641E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 5.8335E-09 6.4249E-09 1.8008E-08 1.9174E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 2.7535E-18 5.2770E-17 2.2357E-14 2.9761E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.2248E-07 2.7139E-07 7.4753E-07 1.4759E-06 4.1937E-09 1.9097E-08 3.2441E-08 4.0433E-08 7.5207E-08
Br80 6.8426E-14 4.1289E-13 1.2342E-11 9.0560E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 2.8846E-07 8.0424E-07 2.0870E-06 4.0525E-06 4.1826E-09 1.9047E-08 3.3776E-08 4.1811E-08 7.7370E-08
Br82 9.0080E-09 2.5560E-08 8.9194E-08 3.5415E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 9.9919E-10 3.0132E-08 1.2578E-07 1.8671E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 3.7060E-08 5.6905E-08 1.6883E-07 2.2431E-07 1.5164E-10 6.9058E-10 1.1213E-09 1.3610E-09 2.5881E-09
Kr79 3.2724E-09 1.9539E-09 9.6428E-09 1.2481E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 2.0446E-07 4.8527E-07 1.8172E-06 3.4941E-06 9.9937E-10 4.5510E-09 1.1180E-08 1.5737E-08 2.5652E-08
Kr81 5.5381E-08 1.2500E-07 2.9073E-07 6.7918E-07 1.8178E-20 7.4231E-17 1.2912E-09 2.5029E-09 3.0969E-09
Kr82 9.1713E-07 1.7496E-06 3.9774E-06 8.5813E-06 5.1329E-09 2.3374E-08 5.2072E-08 7.1674E-08 1.1989E-07
Kr83 3.7291E-07 7.9067E-07 2.0100E-06 4.8803E-06 5.1468E-09 2.3438E-08 4.2079E-08 5.3857E-08 9.7358E-08
Kr84 1.8019E-06 3.2199E-06 7.6693E-06 2.1726E-05 2.5671E-08 1.1690E-07 2.0941E-07 2.6584E-07 4.8217E-07
Kr85 4.4907E-07 6.7155E-07 1.3040E-06 3.6229E-06 0.0000E+00 0.0000E+00 3.5786E-30 4.6910E-29 1.0177E-15
Kr86 1.1463E-06 1.6096E-06 3.4309E-06 7.1682E-06 7.9479E-09 3.6194E-08 6.4848E-08 8.1729E-08 1.4945E-07
Kr87 3.9705E-13 2.6428E-11 3.1629E-10 1.8325E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 6.0394E-19 4.5459E-18 7.8736E-17 4.1890E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 3.4141E-31 1.6736E-26 6.2225E-22 2.6786E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 3.7485E-11 1.6850E-11 3.8805E-11 3.6735E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 4.5283E-11 1.8442E-11 6.0184E-11 6.4024E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 5.6089E-09 4.9362E-09 1.8950E-08 2.5592E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 7.0504E-10 6.9527E-10 2.6896E-09 3.4252E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 1.9055E-07 4.7831E-07 1.5104E-06 3.8657E-06 6.0220E-09 2.7425E-08 4.8302E-08 6.0678E-08 1.1112E-07
Rb86 5.8905E-08 1.2429E-07 3.9703E-07 9.2730E-07 0.0000E+00 0.0000E+00 1.1382E-32 1.6378E-31 1.6570E-16
Rb87 4.3897E-07 7.2401E-07 2.2936E-06 5.7228E-06 2.5365E-09 1.1551E-08 2.0523E-08 2.5740E-08 4.7197E-08
Rb88 3.5440E-15 3.1798E-15 2.8243E-14 6.0568E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 3.8537E-08 6.5084E-08 3.5172E-07 5.4272E-07 1.0494E-10 4.7789E-10 7.7485E-10 9.4095E-10 1.7898E-09
Sr85 4.0310E-09 1.3997E-09 1.9505E-08 3.1851E-08 0.0000E+00 0.0000E+00 6.6955E-34 1.1763E-33 1.2409E-24
Sr86 3.4852E-07 8.5581E-07 2.7647E-06 7.0742E-06 1.8999E-09 8.6522E-09 2.4686E-08 3.6343E-08 5.7299E-08
Sr87 2.2172E-07 5.8390E-07 1.6702E-06 4.6503E-06 1.3434E-09 6.1178E-09 1.5135E-08 2.2011E-08 3.5739E-08
Sr88 1.9516E-06 4.3346E-06 1.2567E-05 3.7105E-05 1.6289E-08 7.4179E-08 1.4018E-07 1.8369E-07 3.2483E-07
Sr89 1.2636E-07 1.4204E-07 3.0878E-07 1.0994E-06 0.0000E+00 0.0000E+00 1.3067E-33 4.1158E-32 6.1784E-16
Sr90 6.0815E-08 3.6081E-08 7.6926E-08 3.4883E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.6258E-16
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Sr91 1.3953E-11 3.9679E-10 7.5024E-09 4.0336E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 7.4962E-13 5.0694E-12 3.3622E-13 3.9387E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 1.3790E-11 1.0631E-12 3.1489E-12 4.0872E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 7.3939E-10 4.7587E-10 9.3256E-10 1.3393E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 9.7381E-10 3.8682E-10 2.0498E-09 3.3203E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 3.0686E-07 7.4428E-07 2.2187E-06 5.8142E-06 4.3594E-09 1.9852E-08 3.6354E-08 4.6668E-08 8.3917E-08
Y90 7.0651E-10 4.3876E-09 2.6461E-08 1.1052E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 2.8420E-09 1.1115E-08 8.6653E-08 3.2259E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 3.5341E-07 4.8582E-07 1.3795E-06 3.5935E-06 5.3167E-09 2.4213E-08 4.3635E-08 5.5193E-08 1.0043E-07
Zr91 7.1822E-08 1.1292E-07 2.2337E-07 7.2676E-07 1.1724E-09 5.3389E-09 9.7058E-09 1.2345E-08 2.2357E-08
Zr92 1.0140E-07 1.5825E-07 3.4027E-07 1.0477E-06 1.8116E-09 8.2501E-09 1.5142E-08 1.9352E-08 3.4912E-08
Zr93 2.7863E-08 4.0822E-08 7.9740E-08 2.7608E-07 1.8219E-20 3.3710E-17 4.0994E-10 7.6392E-10 9.9306E-10
Zr94 6.6347E-08 9.1292E-08 1.7321E-07 5.3604E-07 1.8759E-09 8.5425E-09 1.5329E-08 1.9409E-08 3.5336E-08
Zr95 1.1653E-08 1.1518E-08 1.7103E-08 4.9610E-08 0.0000E+00 0.0000E+00 1.2717E-33 2.1429E-32 2.5450E-17
Zr96 2.7267E-08 1.3639E-08 1.6169E-08 8.0999E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.8385E-17
Zr97 8.6858E-13 3.2661E-11 3.3763E-10 1.0147E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 9.9175E-10 9.2067E-10 1.9816E-09 4.9079E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 5.7135E-11 4.9960E-11 2.9808E-10 7.3908E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 1.6486E-09 2.1372E-09 4.3264E-09 8.5455E-09 8.1006E-10 3.6889E-09 6.0318E-09 7.3315E-09 1.3910E-08
Nb94 2.0359E-12 1.4311E-11 8.6438E-11 2.3587E-10 1.9556E-28 5.2408E-27 6.7620E-21 7.5112E-21 2.8276E-21
Nb95 6.1809E-10 5.0754E-10 1.0710E-09 3.4200E-09 0.0000E+00 0.0000E+00 6.9710E-34 1.1708E-32 3.7469E-19
Nb96 2.5207E-12 1.3918E-11 5.3955E-11 5.2944E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 9.6135E-14 3.6296E-12 3.5469E-11 1.5623E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 1.6440E-09 8.1860E-09 1.0275E-08 2.1817E-08 3.0615E-10 1.3942E-09 2.3231E-09 2.8304E-09 5.3290E-09
Mo93 3.4858E-11 1.0852E-10 4.4662E-10 9.6655E-10 7.5664E-30 2.1685E-26 1.0688E-16 2.5788E-15 2.2330E-16
Mo94 7.5824E-10 1.9497E-09 6.8279E-09 1.4215E-08 1.9707E-10 8.9745E-10 1.7273E-09 2.1349E-09 3.8250E-09
Mo95 2.3036E-09 3.4945E-09 6.4919E-09 2.0843E-08 3.4471E-10 1.5698E-09 2.7720E-09 3.4576E-09 6.3540E-09
Mo96 5.7921E-09 1.1650E-08 2.6658E-08 6.4677E-08 6.7531E-10 3.0753E-09 5.5708E-09 7.0203E-09 1.2790E-08
Mo97 2.5355E-09 4.0298E-09 8.7300E-09 2.0900E-08 2.1332E-10 9.7142E-10 1.7788E-09 2.2496E-09 4.0856E-09
Mo98 7.3367E-09 1.2565E-08 2.5487E-08 6.2303E-08 5.4763E-10 2.4938E-09 4.7355E-09 6.0831E-09 1.0911E-08
Xe132 1.4591E-08 2.5783E-08 5.0485E-08 1.3202E-07 1.8369E-09 8.3648E-09 1.4958E-08 1.8833E-08 3.4439E-08
Xe133 1.2968E-09 2.6854E-09 4.1418E-09 6.2492E-09 0.0000E+00 0.0000E+00 2.2643E-34 3.2774E-33 2.1131E-18
Xe134 5.9480E-09 5.2374E-09 7.2751E-09 2.0480E-08 6.8853E-10 3.1354E-09 5.4596E-09 6.7618E-09 1.2523E-08
Xe135 6.6994E-12 7.9961E-11 7.8246E-10 3.0789E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 2.0994E-09 2.9531E-09 4.9495E-09 1.4156E-08 4.8292E-10 2.1992E-09 3.7385E-09 4.6291E-09 8.6305E-09
Cs134 1.6859E-10 3.0006E-10 7.0326E-10 1.2858E-09 0.0000E+00 0.0000E+00 7.2828E-32 5.7846E-31 2.3121E-19
Cs135 1.1967E-09 1.3757E-09 2.8659E-09 9.6378E-09 3.1727E-21 1.7924E-18 1.8089E-11 3.0714E-11 4.2982E-11
Cs136 5.5002E-10 5.5464E-10 5.5417E-10 2.5964E-09 0.0000E+00 0.0000E+00 1.4190E-36 2.6416E-34 1.0832E-18
Cs137 4.3303E-09 1.5856E-09 1.0135E-09 1.0564E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.3179E-18
Cs138 1.2361E-17 4.6965E-18 1.8435E-17 5.4465E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 2.4816E-09 4.8338E-09 1.0149E-08 2.8442E-08 1.4805E-10 6.7421E-10 1.6674E-09 2.2892E-09 3.7802E-09
Ba135 1.5677E-09 2.4650E-09 4.4242E-09 1.0171E-08 4.0680E-10 1.8525E-09 3.2004E-09 3.9908E-09 7.3913E-09
Ba136 6.7333E-09 1.4505E-08 2.9126E-08 7.4285E-08 4.8826E-10 2.2234E-09 4.7855E-09 6.5150E-09 1.1107E-08
Ba137 5.4158E-09 1.0942E-08 1.9118E-08 4.8526E-08 7.0342E-10 3.2033E-09 5.9522E-09 7.7075E-09 1.3790E-08
Ba138 3.4998E-08 5.4172E-08 9.1854E-08 2.2823E-07 4.5227E-09 2.0596E-08 3.7738E-08 4.8283E-08 8.7047E-08
Ba139 5.7037E-14 2.8957E-13 7.0695E-13 6.9713E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.4515E-12 1.7658E-12 3.0043E-12 5.2177E-12 4.7747E-13 2.1743E-12 3.9102E-12 4.9330E-12 8.9946E-12
La139 3.5922E-09 5.0300E-09 8.1210E-09 1.9107E-08 5.2802E-10 2.4045E-09 4.3632E-09 5.5456E-09 1.0052E-08
La140 1.2684E-12 6.6988E-12 1.4598E-11 1.7845E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 6.5772E-09 8.7322E-09 1.3485E-08 2.6969E-08 1.4219E-09 6.4749E-09 1.1694E-08 1.4794E-08 2.6910E-08
Ce141 5.4528E-10 3.0182E-10 2.5106E-10 1.5278E-11 0.0000E+00 0.0000E+00 1.5004E-34 2.4674E-33 1.8641E-18
Pr141 6.8305E-10 9.4777E-10 1.5543E-09 2.6664E-09 2.2348E-10 1.0177E-09 1.7650E-09 2.1974E-09 4.0606E-09
Pr142 2.0294E-12 1.2127E-11 3.4135E-11 2.0718E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 1.4024E-09 2.4023E-09 4.2621E-09 7.4047E-09 3.0506E-10 1.3892E-09 2.5955E-09 3.3267E-09 5.9752E-09
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Nd143 3.4183E-10 4.3493E-10 6.0514E-10 8.5927E-10 1.3658E-10 6.2197E-10 1.0531E-09 1.3025E-09 2.4309E-09
Nd144 7.7321E-10 1.0231E-09 1.4523E-09 2.3567E-09 2.7143E-10 1.2361E-09 2.1922E-09 2.7408E-09 5.0278E-09
Hg202 9.4293E-10 1.3240E-09 1.9722E-09 3.7101E-09 2.6944E-10 1.2270E-09 2.3075E-09 2.9556E-09 5.3070E-09
Hg203 1.3773E-11 5.8504E-11 1.2042E-10 1.6047E-11 0.0000E+00 0.0000E+00 2.9028E-34 5.9958E-33 3.0906E-20
Hg204 1.4832E-10 1.7664E-10 3.0907E-10 2.5349E-10 6.2604E-11 2.8511E-10 4.8618E-10 5.9640E-10 1.1142E-09
Hg205 2.4349E-20 1.4153E-20 4.0611E-21 5.0483E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 4.8756E-10 6.3428E-10 9.0512E-10 1.8760E-09 1.4378E-10 6.5476E-10 1.1885E-09 1.5113E-09 2.7419E-09
Tl204 2.5915E-11 3.7668E-11 5.5564E-11 1.3585E-10 0.0000E+00 0.0000E+00 1.3083E-32 2.0107E-31 6.9050E-20
Tl205 9.8144E-10 1.1516E-09 1.6372E-09 2.8019E-09 3.4659E-10 1.5784E-09 2.8311E-09 3.5770E-09 6.5157E-09
Tl206 1.9074E-19 2.0745E-19 3.3238E-20 5.2561E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 4.0282E-10 6.4562E-10 1.0842E-09 2.0477E-09 6.9189E-11 3.1508E-10 6.8272E-10 9.3183E-10 1.5844E-09
Pb205 6.8664E-11 1.5890E-10 2.4597E-10 5.1498E-10 4.2835E-23 2.3991E-24 3.0640E-19 3.4445E-19 9.2945E-20
Pb206 2.5638E-09 3.5779E-09 5.4003E-09 9.4389E-09 6.5012E-10 2.9605E-09 5.4734E-09 7.0186E-09 1.2629E-08
Pb207 2.5045E-09 3.3303E-09 4.8200E-09 8.1170E-09 7.2291E-10 3.2920E-09 5.9656E-09 7.5710E-09 1.3741E-08
Pb208 6.3883E-09 8.1961E-09 1.1712E-08 1.8635E-08 2.0792E-09 9.4685E-09 1.7130E-08 2.1700E-08 3.9435E-08
Pb209 4.7231E-16 2.0532E-15 3.2453E-15 1.1641E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 4.7907E-11 5.9870E-11 1.3501E-10 1.5503E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 6.9668E-10 8.0848E-10 1.0657E-09 1.4702E-09 2.8195E-10 1.2840E-09 2.2979E-09 2.8925E-09 5.2842E-09
v=300 km/s - [Fe/H]=-1
H 4.3642E+00 4.8603E+00 6.1510E+00 7.5201E+00 8.0821E+00 1.0565E+01 1.4607E+01 1.8618E+01 2.6335E+01
H2 1.4260E-16 2.0333E-16 1.8231E-13 3.7178E-12 1.5827E-11 1.4717E-10 5.0854E-09 1.2725E-08 6.3290E-07
H3 2.5316E-28 1.8587E-23 1.2609E-17 1.1087E-15 6.8293E-15 1.4996E-13 8.2475E-13 2.8049E-12 5.9368E-12
He3 1.3076E-04 1.3297E-04 5.4424E-05 8.1570E-05 7.4067E-05 1.2097E-04 3.2307E-04 5.9377E-04 1.0202E-03
He4 3.6231E+00 4.2706E+00 6.2033E+00 6.1413E+00 5.9163E+00 8.4737E+00 1.6389E+01 2.7503E+01 5.0702E+01
Li6 1.1138E-13 2.1645E-13 5.7529E-13 1.2675E-12 1.9840E-12 3.8973E-12 2.2564E-12 3.3181E-12 7.2522E-12
Li7 3.5698E-12 9.5577E-12 1.4467E-11 8.7623E-11 1.0120E-10 9.1851E-10 6.2719E-08 6.7367E-11 1.3506E-10
Be7 1.0090E-12 1.9522E-12 3.0368E-13 6.6311E-13 9.3148E-12 6.2543E-11 6.9705E-09 5.2112E-12 9.3761E-12
Be9 2.7024E-14 5.1696E-14 1.3906E-13 2.9977E-13 4.6577E-13 9.3507E-13 5.1507E-13 6.9672E-13 1.5751E-12
Be10 8.4003E-60 8.8527E-60 1.4174E-59 1.5348E-59 0.0000E+00 0.0000E+00 0.0000E+00 4.0685E-37 0.0000E+00
B10 1.7198E-13 3.2956E-13 8.8583E-13 1.8777E-12 2.9260E-12 5.8691E-12 3.7221E-12 4.3060E-12 9.9597E-12
B11 5.5368E-11 5.8555E-11 3.1857E-11 5.2760E-11 7.5212E-11 1.4597E-10 2.3730E-10 1.3759E-10 4.1183E-10
C12 1.5290E-01 2.1000E-01 6.6340E-01 9.1234E-01 9.0736E-04 9.4795E-02 1.1596E+00 1.4530E+00 1.9531E+00
C13 1.6878E-04 5.9355E-04 1.3544E-04 2.0420E-04 1.6399E-04 3.6307E-03 3.2725E-03 1.4922E-03 9.4294E-04
C14 5.7755E-04 2.8487E-03 4.8049E-03 1.2832E-02 6.1834E-17 1.4202E-11 6.5985E-12 1.5818E-12 1.3852E-11
N13 7.2944E-13 1.2609E-13 2.8512E-11 5.4241E-12 3.3395E-14 1.7854E-12 7.3454E-14 2.8051E-14 2.7977E-14
N14 5.2053E-02 6.4884E-02 5.1892E-02 4.1839E-02 2.9447E-02 8.9228E-02 6.0077E-02 6.6960E-02 1.2438E-01
N15 3.3383E-04 1.6643E-03 2.9011E-03 1.7964E-03 6.8630E-07 1.9044E-06 1.4917E-06 1.6703E-06 3.1672E-06
N16 2.5057E-30 2.3510E-27 8.1977E-25 1.9837E-27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 1.9888E-16 1.8164E-17 1.1528E-15 2.6254E-16 4.9452E-15 7.2984E-14 1.9385E-15 2.6368E-15 4.4424E-15
O16 1.2923E+00 1.7035E+00 3.1662E+00 5.5874E+00 1.3800E-02 7.6183E-02 2.0485E-01 2.3084E-01 3.0522E-01
O17 1.7708E-04 4.4792E-04 5.7796E-04 7.6624E-04 1.7625E-05 3.4915E-05 1.3635E-05 1.5929E-05 1.9836E-05
O18 5.4641E-02 7.6466E-02 8.8260E-02 3.9273E-02 6.9185E-06 1.0471E-05 3.9269E-05 7.2059E-05 1.1307E-04
O19 1.1532E-21 3.1972E-20 9.4572E-21 3.2866E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 8.3172E-17 7.3981E-18 1.6013E-15 2.5144E-16 1.5286E-17 3.8305E-16 7.1555E-19 5.9564E-19 1.2928E-18
F18 7.7503E-07 3.9061E-06 4.5438E-06 7.5673E-07 4.7610E-18 1.1499E-16 1.2682E-19 1.2894E-19 1.0694E-16
F19 2.1958E-05 1.1480E-04 2.6607E-04 1.0252E-03 1.5743E-07 2.7870E-07 3.1376E-06 6.1112E-06 8.1668E-06
F20 6.0710E-23 8.3359E-22 1.3354E-21 6.5550E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 5.9235E-02 4.1431E-02 7.6476E-02 7.2740E-01 1.5491E-03 2.1473E-03 3.4786E-03 5.0410E-03 8.1517E-03
Ne21 6.5596E-04 6.3327E-04 1.2606E-03 1.4882E-03 5.5662E-06 9.7639E-06 1.0372E-05 1.0659E-05 1.3375E-05
Ne22 5.8340E-02 8.8871E-02 1.3179E-01 1.5136E-01 1.0720E-04 1.3353E-03 1.4496E-02 2.1065E-02 2.9667E-02
Ne23 4.2745E-14 4.4878E-13 7.4365E-15 2.9213E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 4.0705E-16 1.2158E-15 2.3505E-17 2.8782E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Na22 8.9097E-08 1.3518E-07 4.2930E-07 4.7754E-06 2.4279E-18 2.1182E-16 1.8665E-18 3.4969E-18 2.1006E-17
Na23 1.1862E-03 1.6053E-03 3.5536E-03 8.9238E-03 2.5003E-04 4.0501E-04 6.8540E-04 1.0577E-03 2.0292E-03
Na24 1.3791E-09 3.1253E-09 2.2749E-05 5.7580E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 3.1786E-14 1.0592E-13 1.3885E-16 3.4444E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 9.3096E-03 7.4541E-03 2.2570E-02 1.3281E-01 1.3892E-03 1.9111E-03 3.2144E-03 4.7544E-03 7.8991E-03
Mg25 1.5105E-02 1.4747E-02 1.7001E-02 1.4345E-02 8.9007E-05 1.2547E-04 2.0163E-04 2.9956E-04 4.2249E-04
Mg26 2.9656E-02 3.1446E-02 3.2133E-02 1.8246E-02 2.4521E-04 3.2606E-04 4.4745E-04 5.1982E-04 6.8528E-04
Mg27 7.5992E-11 1.6941E-10 2.3713E-11 3.0059E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 5.0759E-19 1.3164E-18 4.3422E-19 3.8691E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 1.1150E-05 1.2343E-05 3.9034E-05 1.4360E-04 2.4675E-06 3.8218E-06 5.4188E-06 1.0917E-05 3.5250E-05
Alg6 1.0954E-06 4.5029E-07 7.5131E-06 1.1722E-06 2.4675E-06 3.8218E-06 5.4188E-06 1.0917E-05 3.5250E-05
Alm6 8.5250E-14 9.7817E-15 7.1539E-14 7.8375E-17 2.2446E-23 4.2717E-22 5.3627E-24 9.5107E-24 2.3953E-20
Al27 6.3205E-04 8.2131E-04 5.2294E-03 1.4659E-02 1.3989E-04 2.2509E-04 5.1987E-04 8.9624E-04 1.7323E-03
Al28 1.6455E-12 4.7354E-12 1.8846E-13 1.5678E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 3.8325E-18 6.8483E-18 3.8993E-22 8.2993E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 3.6926E-01 4.7193E-01 1.6719E-01 2.4233E-01 2.2222E-03 3.0553E-03 5.1393E-03 7.5927E-03 1.2601E-02
Si29 6.1632E-04 1.3088E-03 1.0848E-02 6.0953E-03 1.1683E-04 1.6108E-04 2.7254E-04 4.0101E-04 6.6433E-04
Si30 2.4144E-04 5.8397E-04 1.7368E-02 7.9129E-03 7.9715E-05 1.1013E-04 1.8775E-04 2.7695E-04 4.5955E-04
Si31 3.2847E-10 2.1563E-09 1.3614E-06 1.1757E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 5.7639E-11 6.2004E-10 8.7375E-07 3.5296E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 1.2347E-20 7.2693E-20 1.4353E-22 4.3671E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 6.4825E-14 1.6730E-13 2.0478E-14 7.0396E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 7.8185E-04 1.6665E-03 2.9407E-03 2.1520E-03 8.2577E-06 1.1665E-05 2.1561E-05 3.1492E-05 5.1760E-05
P32 1.6850E-06 1.6527E-06 1.7334E-05 3.8490E-06 8.6127E-21 1.3481E-31 8.1638E-33 6.3916E-33 3.3796E-15
P33 9.5335E-07 1.0647E-06 7.8798E-06 1.0602E-06 2.4163E-21 0.0000E+00 0.0000E+00 0.0000E+00 8.8641E-16
P34 4.0440E-21 1.3381E-20 3.0832E-22 2.6633E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 8.5740E-24 6.9313E-24 5.5398E-28 6.2946E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 3.0103E-01 4.0297E-01 7.1702E-02 8.2766E-02 9.2725E-04 1.2728E-03 2.1283E-03 3.1448E-03 5.2191E-03
S33 8.7335E-04 2.1484E-03 1.0646E-03 1.0170E-03 7.7109E-06 1.2212E-05 3.0508E-05 4.2808E-05 6.8857E-05
S34 5.4540E-03 2.0062E-02 1.4140E-02 6.1364E-03 4.4532E-05 6.1563E-05 1.0444E-04 1.5380E-04 2.5490E-04
S35 9.6073E-07 3.3958E-06 1.3945E-05 3.8721E-06 5.6387E-21 2.3479E-30 1.1413E-31 8.1280E-32 1.8764E-15
S36 3.7459E-07 1.0982E-06 1.4282E-05 3.5103E-06 2.1979E-07 3.0211E-07 5.0747E-07 7.4930E-07 1.2431E-06
S37 4.5967E-18 1.2566E-17 1.7127E-18 2.5166E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 1.9185E-25 1.4796E-24 2.8362E-25 7.1080E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 2.9514E-25 2.3066E-24 1.6827E-28 3.2905E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 8.2063E-04 2.0876E-03 5.3229E-04 5.0226E-04 8.6730E-06 1.1864E-05 1.9533E-05 2.8911E-05 4.8053E-05
Cl36 7.3658E-06 2.3129E-05 9.6896E-06 4.4717E-06 7.7707E-10 2.7707E-08 2.9626E-07 4.0357E-07 6.4032E-07
Cl37 1.6724E-05 4.0148E-05 3.5280E-05 4.0634E-05 2.9760E-06 5.1800E-06 1.6136E-05 2.2395E-05 3.5422E-05
Cl38 2.5200E-13 3.9456E-13 7.0877E-11 3.8704E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 6.8899E-02 9.5238E-02 1.0180E-02 1.3757E-02 1.7710E-04 2.4236E-04 3.9993E-04 5.9186E-04 9.8349E-04
Ar37 2.8886E-04 6.4283E-04 6.1170E-05 5.8822E-05 2.2780E-20 1.7033E-20 4.9254E-23 2.5891E-17 3.6868E-15
Ar38 1.2416E-02 4.6997E-02 6.3015E-03 2.4461E-03 3.3995E-05 4.6720E-05 7.8259E-05 1.1562E-04 1.9186E-04
Ar39 1.2503E-06 5.9422E-06 1.4218E-06 3.1738E-06 2.2699E-20 1.4163E-22 7.8444E-25 3.0189E-22 2.8332E-15
Ar40 4.7027E-07 4.2447E-07 1.4808E-06 2.4624E-06 5.7265E-08 7.9266E-08 1.4081E-07 2.2189E-07 3.6310E-07
Ar41 1.1350E-13 1.7094E-13 5.5813E-09 1.5151E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 6.5636E-35 1.9216E-33 1.9168E-34 6.1064E-32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 2.7615E-20 9.2599E-19 2.3489E-16 1.7223E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 1.7521E-03 4.6376E-03 2.8828E-04 2.2532E-04 4.0275E-06 5.5785E-06 9.6658E-06 1.4225E-05 2.3529E-05
K40 1.7691E-06 7.1383E-06 1.3258E-06 1.8220E-06 7.6257E-09 3.7967E-08 2.5273E-07 3.2882E-07 5.0351E-07
K41 1.1337E-06 2.3299E-06 2.1226E-06 3.2896E-06 3.0589E-07 4.3652E-07 7.8979E-07 1.1375E-06 1.8711E-06
K42 1.2025E-10 1.7116E-09 2.6273E-07 6.3533E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 7.7406E-02 1.0804E-01 7.8803E-03 1.1645E-02 1.9641E-04 2.6911E-04 4.4654E-04 6.6039E-04 1.0969E-03
Ca41 1.7750E-04 4.8020E-04 1.6292E-05 1.5775E-05 2.3238E-08 4.8804E-07 4.7014E-06 6.3964E-06 9.6941E-06
Ca42 5.4796E-04 2.2552E-03 2.0691E-04 8.4878E-05 1.3865E-06 2.2320E-06 5.4464E-06 7.5903E-06 1.2245E-05
Table 30 continued
124 Limongi,Chieffi
Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ca43 2.0329E-06 1.0160E-05 2.1741E-06 4.0218E-06 2.9514E-07 4.5926E-07 9.5700E-07 1.3451E-06 2.1864E-06
Ca44 6.8808E-06 9.5029E-06 1.3848E-05 2.6652E-05 4.6500E-06 6.4426E-06 1.0810E-05 1.5929E-05 2.6399E-05
Ca45 3.7658E-07 1.1548E-07 5.4049E-07 1.3749E-06 1.9608E-20 1.9795E-29 5.8801E-31 4.1609E-31 6.0102E-15
Ca46 3.2049E-07 3.9476E-08 7.6197E-07 7.0461E-07 9.3203E-09 1.2777E-08 2.1255E-08 3.1493E-08 5.2278E-08
Ca47 3.5391E-08 7.8613E-10 2.5940E-07 1.0773E-08 4.9528E-22 1.9218E-34 2.1665E-35 1.4926E-35 8.6637E-17
Ca48 2.9113E-07 3.2947E-07 5.0380E-07 5.6044E-07 4.5472E-07 6.2477E-07 1.0480E-06 1.5477E-06 2.5679E-06
Ca49 5.8848E-17 1.2807E-16 3.0920E-17 3.9049E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 3.0996E-49 5.1630E-47 4.8612E-47 2.4943E-44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 2.6585E-40 7.6737E-39 7.0368E-44 3.9975E-39 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 9.0768E-08 1.8239E-07 4.2466E-08 4.4509E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 7.1857E-08 3.4574E-07 5.4461E-09 8.5479E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 2.9973E-06 6.0931E-06 1.7706E-06 4.1500E-06 6.6223E-08 1.0449E-07 2.5232E-07 3.6044E-07 5.7540E-07
Sc46 1.5818E-08 4.7248E-08 1.3329E-07 6.0018E-07 1.7511E-21 9.7948E-30 1.3982E-31 1.3946E-31 7.8220E-16
Sc47 2.4058E-08 1.2162E-08 1.8802E-07 1.4092E-07 8.9468E-22 1.5049E-34 1.6515E-35 1.1376E-35 5.2925E-16
Sc48 6.9519E-11 1.0203E-10 1.5572E-07 2.0872E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 1.4686E-14 2.3349E-14 7.2583E-10 8.5067E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 5.2187E-05 6.7634E-05 3.3004E-05 5.3709E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 6.8064E-07 1.1783E-06 9.1335E-08 1.2179E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 3.9900E-04 1.0166E-03 8.3324E-05 4.5742E-05 6.9824E-07 9.7162E-07 1.6634E-06 2.4435E-06 4.0467E-06
Ti47 5.3642E-06 2.2359E-05 4.4711E-06 6.3957E-06 6.4274E-07 8.7762E-07 1.4032E-06 2.0778E-06 3.4657E-06
Ti48 5.1469E-06 9.1434E-06 9.5777E-06 1.4836E-05 6.5049E-06 8.8575E-06 1.4207E-05 2.1080E-05 3.5127E-05
Ti49 2.0029E-06 2.3840E-06 4.4127E-06 1.1154E-05 4.9118E-07 7.3718E-07 1.8303E-06 2.6364E-06 4.2243E-06
Ti50 1.1491E-05 1.3330E-05 2.8586E-05 4.2996E-05 4.7784E-07 7.0498E-07 1.4384E-06 2.0579E-06 3.3618E-06
Ti51 9.0811E-14 2.2108E-13 3.6004E-14 2.8822E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 3.9799E-53 5.2494E-44 3.5998E-57 6.1645E-51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 2.0692E-56 3.4136E-49 1.4747E-59 3.1559E-53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 2.7397E-10 4.1758E-10 1.7189E-10 1.9824E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 8.8644E-07 3.1559E-06 2.3109E-07 1.4293E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 8.7557E-06 1.6801E-05 4.1937E-06 3.4011E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 2.1811E-08 9.4304E-08 1.2259E-07 3.3154E-07 1.0994E-09 1.4917E-09 2.3396E-09 3.4768E-09 5.8089E-09
V51 1.2603E-06 2.2030E-06 6.0697E-06 5.1619E-06 4.4796E-07 6.1571E-07 1.0468E-06 1.5469E-06 2.5558E-06
V52 3.2224E-14 8.5423E-14 1.0777E-14 1.0538E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 8.9102E-05 1.1304E-04 8.5732E-05 1.0931E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 1.5145E-08 2.6010E-08 7.7057E-09 4.6647E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 7.4782E-04 1.2228E-03 1.2332E-04 5.9278E-05 9.7995E-07 1.3292E-06 2.0801E-06 3.0911E-06 5.1660E-06
Cr51 3.6644E-05 9.2363E-05 1.5081E-05 6.0641E-06 2.9174E-22 2.4678E-21 1.7945E-23 1.5039E-18 3.6568E-18
Cr52 2.0808E-04 1.7548E-04 8.0943E-05 4.2139E-05 1.9671E-05 2.6969E-05 4.4914E-05 6.6408E-05 1.1026E-04
Cr53 2.0488E-06 2.3037E-06 3.2563E-06 3.9444E-06 2.2725E-06 3.1080E-06 5.0832E-06 7.5146E-06 1.2506E-05
Cr54 4.7796E-06 5.4308E-06 1.1516E-05 7.2954E-06 5.8053E-07 8.9008E-07 2.1368E-06 3.0408E-06 4.8934E-06
Cr55 4.2599E-14 1.1896E-13 1.1241E-14 5.0714E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 8.4003E-60 4.3302E-58 1.4174E-59 1.5348E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 3.7149E-08 6.7396E-08 2.3075E-08 7.4905E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 2.0037E-04 2.8146E-04 1.5085E-04 1.2015E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 2.2485E-04 2.3534E-04 8.6790E-05 3.9394E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 2.2403E-06 1.2772E-06 4.2173E-07 4.6226E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.0944E-05 1.1517E-05 1.6693E-05 1.5734E-05 1.5338E-05 2.1392E-05 3.9905E-05 5.8357E-05 9.5518E-05
Mn56 7.7821E-11 1.3126E-10 3.2765E-08 8.0965E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 1.6069E-19 7.9457E-19 2.8097E-20 5.5890E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 5.9600E-04 8.3772E-04 4.5411E-04 3.6209E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 1.7582E-18 1.9479E-15 9.7675E-17 2.0720E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 3.0095E-02 1.7248E-02 4.6581E-03 1.9191E-03 1.0316E-04 1.4022E-04 2.2282E-04 3.3086E-04 5.5189E-04
Fe55 1.0410E-03 5.9198E-04 1.4631E-04 5.7810E-05 6.3322E-15 8.3050E-13 1.7088E-10 9.2687E-11 7.6783E-10
Fe56 3.3959E-03 2.9380E-03 1.8550E-03 1.7019E-03 1.6805E-03 2.3021E-03 3.8224E-03 5.6545E-03 9.3904E-03
Fe57 3.3883E-05 4.0440E-05 4.4784E-05 5.2924E-05 3.9673E-05 5.7920E-05 1.2667E-04 1.8238E-04 2.9575E-04
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Fe58 2.1198E-05 3.0268E-05 3.8515E-05 6.4297E-05 5.4878E-06 1.2060E-05 4.4641E-05 5.9301E-05 9.3634E-05
Fe59 1.3625E-06 3.0285E-07 6.2771E-07 2.6206E-06 1.0709E-19 1.3946E-28 1.4219E-30 2.2987E-30 4.3589E-14
Fe60 1.4061E-06 1.1274E-07 1.6748E-06 1.4799E-06 1.7563E-13 8.1447E-12 8.5777E-11 5.6037E-10 7.5281E-10
Fe61 7.0923E-18 1.4984E-17 1.8425E-17 5.0450E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 8.4003E-60 8.8527E-60 1.4174E-59 1.5348E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 4.7386E-04 7.6909E-04 2.9012E-04 1.0847E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 1.0886E-05 7.3732E-06 2.8272E-06 2.0114E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 2.4050E-04 1.9458E-04 1.4093E-04 1.3897E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 1.1008E-06 9.0060E-07 6.0162E-08 1.6233E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 7.4589E-06 1.0807E-05 1.5472E-05 2.9840E-05 5.9750E-06 8.9054E-06 1.6923E-05 2.4084E-05 3.9517E-05
Co60 1.4166E-07 3.6374E-07 2.0596E-07 1.7474E-06 3.5873E-19 1.4727E-17 1.5655E-16 1.0221E-15 1.2322E-14
Co61 6.7676E-14 4.5450E-13 4.6510E-08 2.0797E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 7.0000E-02 7.0000E-02 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.4779E-03 2.6093E-03 2.5085E-03 2.5724E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 6.7835E-03 6.3552E-03 4.8693E-03 4.2055E-03 6.7736E-05 9.2157E-05 1.4742E-04 2.1886E-04 3.6481E-04
Ni59 1.7065E-04 1.5554E-04 1.3848E-04 1.3701E-04 1.6489E-08 2.4730E-07 3.1216E-06 4.5076E-06 6.5721E-06
Ni60 1.3355E-03 1.1188E-03 1.3206E-03 1.8009E-03 2.7019E-05 3.7691E-05 6.5115E-05 9.5457E-05 1.5804E-04
Ni61 4.2374E-05 3.3910E-05 4.4980E-05 5.7220E-05 1.2052E-06 1.9702E-06 5.1851E-06 7.3339E-06 1.1658E-05
Ni62 2.0191E-05 2.0175E-05 3.1359E-05 8.6362E-05 3.8785E-06 5.7667E-06 1.1423E-05 1.6340E-05 2.6745E-05
Ni63 1.3143E-06 1.7995E-06 2.9791E-06 2.0036E-05 1.4036E-19 1.0977E-22 3.2342E-25 1.9921E-24 4.0778E-14
Ni64 9.0135E-06 1.0120E-05 2.3581E-05 8.9337E-05 1.0180E-06 1.4635E-06 2.6076E-06 3.8384E-06 6.2990E-06
Ni65 8.1468E-12 3.5618E-12 1.2037E-07 2.7473E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 8.4003E-60 8.8527E-60 1.4174E-59 1.5348E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 1.7582E-45 1.2516E-30 3.0145E-45 3.0854E-38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 2.8948E-21 1.3806E-20 5.2267E-23 1.3065E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 2.6241E-08 2.2190E-08 2.7173E-08 3.6745E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 3.0954E-05 2.3270E-05 3.0077E-05 3.3687E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 4.1268E-07 2.9925E-07 3.5824E-07 3.8061E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 3.6632E-06 4.0208E-06 6.9278E-06 1.3653E-05 7.0248E-07 1.1370E-06 2.5919E-06 3.6686E-06 5.8914E-06
Cu64 6.6326E-09 1.7702E-08 5.4251E-08 8.3419E-07 1.7712E-23 5.3796E-31 1.3472E-32 1.5230E-32 9.6138E-16
Cu65 5.6606E-06 6.6054E-06 1.3926E-05 4.8810E-05 3.2278E-07 5.2816E-07 1.1337E-06 1.5610E-06 2.5071E-06
Cu66 1.3902E-13 3.2746E-13 4.7614E-14 4.1449E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 5.7861E-25 1.1651E-24 6.8922E-25 1.2135E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 2.1051E-29 2.5247E-26 2.5894E-28 5.5776E-25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 6.3292E-04 4.8908E-04 5.7236E-04 5.7568E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 1.1007E-09 8.5796E-10 9.4991E-10 2.0551E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 7.6456E-06 6.3817E-06 9.4734E-06 2.0924E-05 1.1695E-06 1.6619E-06 2.8752E-06 4.1756E-06 6.8934E-06
Zn65 7.5221E-07 8.8060E-07 8.8703E-07 3.0949E-06 3.1443E-22 3.7287E-24 9.4220E-27 1.5015E-22 4.3068E-15
Zn66 7.9200E-06 9.2161E-06 1.8298E-05 7.0457E-05 6.9171E-07 9.7689E-07 1.6498E-06 2.4169E-06 4.0031E-06
Zn67 1.1823E-06 1.5468E-06 2.9880E-06 1.5599E-05 1.0326E-07 1.4781E-07 2.5944E-07 3.8061E-07 6.2623E-07
Zn68 8.8186E-06 1.0540E-05 2.2738E-05 1.1741E-04 4.7914E-07 6.7699E-07 1.1786E-06 1.7315E-06 2.8578E-06
Zn69 6.0759E-12 4.0699E-12 2.1685E-09 7.1642E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 9.0583E-09 1.0237E-08 3.8168E-06 1.7670E-06 1.6291E-08 2.2213E-08 3.6013E-08 5.3401E-08 8.8887E-08
Zn71 2.1931E-20 7.5456E-20 7.4201E-22 1.0191E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 8.4003E-60 8.8527E-60 1.4174E-59 1.5348E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 8.7339E-36 1.0524E-29 2.0460E-37 6.4665E-33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 5.6801E-32 1.1064E-28 1.3747E-29 1.8561E-26 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 1.2816E-13 1.1115E-13 1.2725E-13 1.3440E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 6.3166E-06 3.9522E-06 5.4404E-06 5.4755E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 2.4895E-08 2.0559E-08 2.2043E-08 1.3189E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 1.6333E-12 1.4094E-12 4.0755E-12 6.0056E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 1.4183E-06 1.6253E-06 3.6528E-06 2.0700E-05 4.7118E-08 6.7641E-08 1.2469E-07 1.8264E-07 2.9923E-07
Ga70 1.0417E-12 1.4939E-12 1.1152E-12 3.4796E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 1.3048E-06 1.6854E-06 4.9908E-06 1.5476E-05 3.2182E-08 4.6382E-08 8.6994E-08 1.2650E-07 2.0751E-07
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ga72 8.7897E-11 2.9438E-11 6.0952E-07 6.2546E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 4.3933E-44 4.1413E-37 1.2562E-39 1.0320E-34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 5.3930E-43 3.4854E-39 1.4515E-41 4.3710E-36 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.2381E-06 7.7593E-07 1.0666E-06 1.0731E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 5.7794E-15 5.0609E-15 5.1399E-15 7.0167E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 7.6424E-09 5.0897E-09 5.3993E-09 8.1419E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 8.5855E-11 9.9879E-11 1.5973E-10 1.8654E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 2.4662E-06 2.9739E-06 5.6568E-06 3.3602E-05 6.7497E-08 9.6335E-08 1.7560E-07 2.5670E-07 4.2211E-07
Ge71 1.3671E-07 7.9593E-08 1.2481E-07 4.0412E-06 9.7710E-21 2.6023E-31 1.2334E-32 9.8218E-33 5.4528E-15
Ge72 2.8932E-06 3.6716E-06 7.7318E-06 3.9050E-05 9.1636E-08 1.2782E-07 2.1767E-07 3.1941E-07 5.2918E-07
Ge73 8.2419E-07 9.5405E-07 1.9092E-06 1.2446E-05 2.6075E-08 3.6290E-08 6.1369E-08 9.0166E-08 1.4943E-07
Ge74 5.4950E-06 6.3500E-06 1.3729E-05 6.8620E-05 1.2409E-07 1.7280E-07 2.9670E-07 4.3628E-07 7.2130E-07
Ge75 9.5581E-12 6.2622E-12 4.3535E-09 1.9782E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 1.4833E-08 1.6780E-08 3.8093E-06 2.8159E-06 2.6708E-08 3.6412E-08 5.8970E-08 8.7444E-08 1.4557E-07
Ge77 1.3547E-16 2.7227E-15 1.0343E-06 1.4608E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 4.3041E-12 8.6711E-12 4.4539E-12 1.7460E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 5.0021E-13 1.3388E-12 5.6564E-12 3.3020E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 1.1636E-09 3.3491E-09 2.8161E-09 2.9392E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 1.9477E-11 5.7207E-11 4.6795E-10 8.2907E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 5.7400E-07 6.5824E-07 2.1211E-06 1.4300E-05 1.5479E-08 2.1414E-08 3.5857E-08 5.2816E-08 8.7663E-08
As76 1.3002E-10 1.2881E-10 3.4411E-08 1.7943E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 9.8285E-13 1.4055E-10 9.9424E-07 4.9360E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 1.0246E-07 7.0992E-07 6.6506E-07 3.6930E-06 1.4883E-09 2.0115E-09 3.0469E-09 4.5173E-09 7.6150E-09
Se75 1.8424E-09 2.6765E-08 9.6970E-09 3.3661E-07 1.1662E-27 9.1084E-32 8.2638E-33 5.2744E-33 1.2568E-22
Se76 1.4687E-06 2.8132E-06 4.4835E-06 1.9692E-05 1.6140E-08 2.2887E-08 4.2379E-08 6.2085E-08 1.0159E-07
Se77 5.2877E-07 6.0833E-07 1.3112E-06 6.1120E-06 1.3296E-08 1.8400E-08 3.1041E-08 4.5692E-08 7.5844E-08
Se78 3.6710E-06 4.1372E-06 8.9708E-06 3.9333E-05 4.2004E-08 5.9110E-08 1.0683E-07 1.5633E-07 2.5747E-07
Se79 3.5816E-07 5.2793E-07 6.7777E-07 8.5500E-06 1.9213E-16 7.9633E-14 8.9864E-13 1.9161E-13 1.1304E-12
Se80 1.5720E-06 1.9969E-06 6.0250E-06 3.5622E-05 8.9749E-08 1.2204E-07 1.9480E-07 2.9062E-07 4.8500E-07
Se81 1.7934E-14 2.9904E-14 9.1985E-14 2.4761E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 9.2083E-09 1.0429E-08 3.8717E-06 3.0464E-06 1.6195E-08 2.2159E-08 3.6542E-08 5.4086E-08 8.9881E-08
Se83 1.7962E-18 2.3326E-18 3.8184E-12 3.2162E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 4.1564E-14 1.8824E-13 1.2968E-14 4.8133E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 8.1110E-13 6.8708E-12 3.2665E-13 3.4720E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 4.6869E-10 2.3713E-09 3.8204E-10 2.3697E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 2.1736E-18 3.0933E-18 2.4300E-17 1.4806E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.9557E-07 1.5652E-07 7.7389E-07 1.7367E-06 1.4350E-08 1.9605E-08 3.1177E-08 4.5970E-08 7.7122E-08
Br80 9.9672E-13 1.4939E-12 3.2322E-13 1.4387E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 3.1066E-07 3.5251E-07 1.3507E-06 8.7263E-06 1.4325E-08 1.9580E-08 3.2218E-08 4.8071E-08 7.9657E-08
Br82 7.8033E-11 1.0851E-10 2.6457E-08 6.9977E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 2.1823E-13 1.8419E-12 1.6538E-07 3.6183E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 4.8415E-08 3.6611E-07 2.6375E-07 4.8939E-07 5.1864E-10 7.0106E-10 1.0620E-09 1.5743E-09 2.6537E-09
Kr79 1.4258E-09 2.1488E-08 8.1089E-09 2.0032E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 7.1078E-07 2.3989E-06 2.6308E-06 5.8695E-06 3.4406E-09 5.1381E-09 1.1460E-08 1.6636E-08 2.6568E-08
Kr81 2.2250E-07 2.6424E-07 3.8664E-07 1.2208E-06 4.7183E-12 1.7756E-10 1.6061E-09 2.2086E-09 3.2573E-09
Kr82 2.6820E-06 2.8929E-06 5.7700E-06 1.9569E-05 1.7641E-08 2.5532E-08 5.2926E-08 7.6267E-08 1.2339E-07
Kr83 8.9580E-07 8.6117E-07 2.7857E-06 1.0674E-05 1.7627E-08 2.4346E-08 4.1038E-08 6.0015E-08 9.9891E-08
Kr84 5.1107E-06 5.4975E-06 1.2520E-05 5.1010E-05 8.7913E-08 1.2125E-07 2.0319E-07 2.9865E-07 4.9580E-07
Kr85 6.0472E-07 4.8638E-07 5.8462E-07 1.0685E-05 3.8374E-20 1.8996E-27 6.8449E-30 3.4852E-30 5.4501E-15
Kr86 2.3695E-06 1.2492E-06 1.1966E-05 3.3416E-05 2.7220E-08 3.7368E-08 6.2550E-08 9.2663E-08 1.5372E-07
Kr87 1.2522E-13 7.2434E-14 2.1288E-09 9.9170E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 4.3181E-19 5.2147E-18 2.8810E-18 1.4024E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 1.9488E-30 6.2797E-26 9.6494E-26 5.2853E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 2.3197E-11 1.2306E-10 1.1637E-11 5.8065E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Rb82 4.0178E-12 4.0644E-11 1.2937E-12 6.7941E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 3.6784E-09 1.3432E-08 9.7854E-09 4.2846E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 7.3539E-11 5.6677E-10 4.6053E-10 5.0575E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 7.5446E-07 9.0117E-07 3.2576E-06 7.8479E-06 2.0619E-08 2.8318E-08 4.6612E-08 6.8709E-08 1.1427E-07
Rb86 8.6105E-08 6.9243E-08 2.6015E-07 2.2333E-06 5.5198E-21 2.2188E-31 2.0085E-32 1.3937E-32 9.2561E-16
Rb87 1.0154E-06 3.5069E-07 5.5144E-06 1.7772E-05 8.6854E-09 1.1904E-08 1.9755E-08 2.9231E-08 4.8546E-08
Rb88 1.3993E-14 2.4295E-14 1.6590E-13 8.3510E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 1.0254E-06 8.1033E-06 3.1962E-06 1.8627E-06 3.5890E-10 4.8506E-10 7.3402E-10 1.0880E-09 1.8349E-09
Sr85 3.5023E-08 5.4444E-07 1.4184E-07 8.3286E-08 2.0427E-28 1.0000E-32 1.1265E-33 7.1944E-34 1.9252E-23
Sr86 2.9681E-06 6.4453E-06 1.1980E-05 1.8859E-05 6.5637E-09 1.0211E-08 2.6085E-08 3.7327E-08 5.9295E-08
Sr87 1.8512E-06 2.2434E-06 4.5197E-06 1.2449E-05 4.6274E-09 6.9912E-09 1.5920E-08 2.2611E-08 3.6719E-08
Sr88 3.9014E-05 4.6357E-05 1.2957E-04 1.5914E-04 5.5831E-08 7.8464E-08 1.3853E-07 2.0223E-07 3.3396E-07
Sr89 2.0260E-06 5.9049E-07 4.8922E-06 5.6208E-06 2.4895E-20 5.5270E-32 2.3906E-33 1.8325E-33 3.1708E-15
Sr90 1.1957E-06 1.1180E-07 1.2750E-05 1.8482E-06 1.1532E-20 0.0000E+00 0.0000E+00 0.0000E+00 9.9708E-16
Sr91 3.1354E-15 4.0090E-15 1.0272E-06 7.6619E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 6.3076E-12 2.9754E-11 2.1947E-12 1.6344E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 2.2261E-11 2.0818E-10 1.1977E-11 9.1258E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 2.6132E-09 1.4460E-08 5.0922E-09 3.6215E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 1.4560E-09 8.5882E-09 7.3048E-09 7.4611E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 1.1548E-05 1.6683E-05 3.7420E-05 3.3039E-05 1.4933E-08 2.0755E-08 3.5477E-08 5.2145E-08 8.6311E-08
Y90 6.8563E-10 1.4726E-09 5.5770E-07 4.8763E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 2.3270E-12 5.1958E-11 1.0014E-05 1.9847E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 2.8749E-05 1.2907E-04 8.6245E-05 2.6563E-05 1.8210E-08 2.5099E-08 4.2220E-08 6.2296E-08 1.0330E-07
Zr91 4.1638E-06 4.7107E-06 9.0883E-06 6.1698E-06 4.0158E-09 5.5443E-09 9.4171E-09 1.3880E-08 2.2997E-08
Zr92 8.9327E-06 9.9176E-06 2.4054E-05 1.0416E-05 6.2066E-09 8.5869E-09 1.4736E-08 2.1691E-08 3.5911E-08
Zr93 2.7877E-06 2.9809E-06 6.4878E-06 3.0487E-06 2.3161E-12 5.2897E-11 5.0105E-10 6.8881E-10 1.0383E-09
Zr94 1.0498E-05 1.1721E-05 2.5341E-05 7.5398E-06 6.4245E-09 8.8504E-09 1.4845E-08 2.1882E-08 3.6330E-08
Zr95 1.0200E-06 6.0509E-07 2.5479E-06 5.9006E-07 6.6136E-21 3.6265E-32 2.2666E-33 1.5939E-33 1.2101E-16
Zr96 3.8641E-06 5.6399E-07 2.0871E-05 7.9267E-07 1.7537E-20 0.0000E+00 0.0000E+00 0.0000E+00 1.7973E-16
Zr97 7.4655E-15 5.2096E-15 3.6169E-07 4.2852E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 2.0872E-08 8.9135E-08 1.0884E-07 2.1877E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 9.3954E-11 9.2034E-10 1.1955E-08 3.6366E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 3.0394E-09 2.7585E-09 1.4625E-07 3.2308E-08 2.7709E-09 3.7497E-09 5.7152E-09 8.4741E-09 1.4262E-08
Nb94 1.7762E-11 1.1716E-11 9.6571E-09 1.5044E-09 2.2361E-23 3.3767E-21 1.4307E-20 2.7117E-20 1.4337E-20
Nb95 2.6190E-08 4.1942E-08 1.2728E-07 5.7770E-08 2.5268E-22 2.4060E-32 1.2419E-33 8.7123E-34 2.3440E-18
Nb96 2.4499E-10 3.6283E-11 6.8858E-09 3.6290E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 5.4623E-16 7.5079E-16 2.8748E-08 1.2895E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 7.8222E-07 1.3448E-06 1.2208E-05 1.3779E-07 1.0474E-09 1.4192E-09 2.2018E-09 3.2722E-09 5.4765E-09
Mo93 2.4067E-08 5.8855E-08 6.8995E-07 6.9051E-09 7.6648E-21 7.3664E-18 1.4730E-15 6.2900E-16 1.1575E-15
Mo94 4.3186E-07 9.6142E-07 8.1998E-06 9.9765E-08 6.7556E-10 9.2918E-10 1.6414E-09 2.4652E-09 3.9770E-09
Mo95 6.7079E-07 8.0605E-07 1.4231E-06 4.0114E-07 1.1803E-09 1.6160E-09 2.6606E-09 3.9400E-09 6.5385E-09
Mo96 2.0238E-06 2.7524E-06 7.2566E-06 1.3594E-06 2.3131E-09 3.1804E-09 5.3747E-09 7.9502E-09 1.3166E-08
Mo97 6.9927E-07 8.1091E-07 1.6611E-06 4.6518E-07 7.3079E-10 1.0066E-09 1.7199E-09 2.5423E-09 4.2061E-09
Mo98 2.5319E-06 3.0868E-06 5.4753E-06 1.4327E-06 1.8772E-09 2.6038E-09 4.6203E-09 6.8024E-09 1.1229E-08
Xe132 5.1930E-06 6.5917E-06 1.2675E-05 2.4786E-06 6.2906E-09 8.6379E-09 1.4440E-08 2.1310E-08 3.5407E-08
Xe133 3.4124E-07 3.3079E-07 8.8792E-07 7.9529E-08 1.0798E-21 3.7636E-33 4.0337E-34 2.8022E-34 1.4478E-17
Xe134 1.6439E-06 4.3374E-07 6.2943E-06 2.6415E-07 2.3570E-09 3.2148E-09 5.2198E-09 7.7393E-09 1.2881E-08
Xe135 2.0150E-14 2.1349E-13 2.9175E-06 4.7967E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 6.5925E-07 8.3562E-07 2.3397E-06 2.9397E-07 1.6527E-09 2.2509E-09 3.5779E-09 5.2888E-09 8.8577E-09
Cs134 1.8588E-08 4.7863E-08 1.3808E-07 2.8940E-08 2.4438E-22 6.3244E-30 1.2540E-31 8.1807E-32 2.3643E-18
Cs135 2.6744E-07 2.5431E-07 2.6635E-06 1.7900E-07 1.1434E-13 1.6547E-12 2.2695E-11 3.1581E-11 4.8041E-11
Cs136 1.5633E-07 7.7351E-08 5.8295E-08 3.1301E-08 8.9116E-22 1.3135E-34 5.8911E-36 4.9121E-36 6.5195E-18
Cs137 1.9574E-06 2.1894E-07 1.2147E-06 1.8878E-07 6.8083E-21 0.0000E+00 0.0000E+00 0.0000E+00 3.0896E-17
Cs138 1.8092E-17 4.8705E-17 9.8063E-15 1.2112E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ba134 1.9297E-06 2.5327E-06 6.3708E-06 6.5281E-07 5.0982E-10 7.4437E-10 1.6857E-09 2.4661E-09 3.9236E-09
Ba135 6.1187E-07 7.8372E-07 1.3059E-06 2.2687E-07 1.3924E-09 1.9019E-09 3.0734E-09 4.5401E-09 7.5860E-09
Ba136 5.1449E-06 7.6091E-06 1.4397E-05 1.7664E-06 1.6771E-09 2.3979E-09 4.8251E-09 7.0156E-09 1.1438E-08
Ba137 3.8140E-06 5.5976E-06 8.9199E-06 1.2943E-06 2.4102E-09 3.3485E-09 5.8395E-09 8.5565E-09 1.4171E-08
Ba138 6.4174E-05 7.8673E-05 1.3532E-04 6.7812E-06 1.5494E-08 2.1454E-08 3.6753E-08 5.4081E-08 8.9531E-08
Ba139 3.4808E-11 2.8692E-11 2.4853E-09 1.1175E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 4.5251E-10 1.2236E-09 3.0015E-09 2.0362E-11 1.6352E-12 2.2480E-12 3.7776E-12 5.5773E-12 9.2521E-12
La139 7.9431E-06 1.0604E-05 1.4818E-05 6.0609E-07 1.8086E-09 2.4968E-09 4.2333E-09 6.2392E-09 1.0339E-08
La140 2.5760E-10 8.1658E-11 6.3793E-08 5.9692E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 1.8645E-05 2.2193E-05 2.9535E-05 8.2108E-07 4.8700E-09 6.7063E-09 1.1315E-08 1.6695E-08 2.7681E-08
Ce141 4.8488E-06 1.0877E-06 6.5388E-07 3.3302E-09 7.0695E-22 3.3504E-33 2.6860E-34 1.8850E-34 6.3146E-18
Pr141 1.3267E-06 1.7354E-06 3.2348E-06 6.9328E-08 7.6499E-10 1.0454E-09 1.6928E-09 2.5043E-09 4.1736E-09
Pr142 2.4488E-10 6.1348E-11 1.8200E-07 6.3546E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 4.3061E-06 6.6985E-06 1.0362E-05 1.7312E-07 1.0454E-09 1.4484E-09 2.5293E-09 3.7250E-09 6.1503E-09
Nd143 5.1975E-07 7.8115E-07 7.9972E-07 2.1906E-08 4.6736E-10 6.3634E-10 1.0071E-09 1.4895E-09 2.4953E-09
Nd144 1.6268E-06 2.4796E-06 2.4065E-06 6.0170E-08 9.2944E-10 1.2736E-09 2.1068E-09 3.1185E-09 5.1742E-09
Hg202 2.8542E-06 4.3049E-06 4.6905E-06 9.0596E-08 9.2344E-10 1.2793E-09 2.2474E-09 3.3120E-09 5.4639E-09
Hg203 1.5213E-07 2.1167E-07 5.1448E-07 2.8328E-10 8.5940E-24 7.2024E-33 5.3159E-34 3.8168E-34 1.7036E-19
Hg204 2.7455E-07 1.2063E-07 2.0126E-06 7.3673E-10 2.1426E-10 2.9119E-10 4.6242E-10 6.8685E-10 1.1458E-09
Hg205 8.6558E-18 3.1271E-17 1.5604E-16 1.1615E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 1.3702E-06 1.9863E-06 1.7458E-06 3.8588E-08 4.9250E-10 6.7869E-10 1.1530E-09 1.6982E-09 2.8185E-09
Tl204 1.1464E-07 1.9558E-07 1.3503E-07 2.5032E-09 4.2034E-23 2.8231E-30 2.3251E-32 1.4854E-32 3.9230E-19
Tl205 2.6018E-06 2.9820E-06 2.9096E-06 2.4651E-08 1.1870E-09 1.6336E-09 2.7401E-09 4.0337E-09 6.6991E-09
Tl206 1.6834E-13 5.0067E-13 2.3245E-14 2.0641E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 1.7975E-06 2.7861E-06 2.8884E-06 4.5761E-08 2.3768E-10 3.4057E-10 6.8997E-10 1.0010E-09 1.6315E-09
Pb205 3.0080E-07 7.6340E-07 6.3318E-07 2.1577E-08 1.0963E-20 1.6807E-19 7.6168E-19 2.3302E-19 5.0161E-19
Pb206 1.0441E-05 1.3929E-05 1.1725E-05 1.5392E-07 2.2274E-09 3.0864E-09 5.3364E-09 7.8553E-09 1.2992E-08
Pb207 1.0366E-05 1.2238E-05 9.2317E-06 9.0397E-08 2.4761E-09 3.4140E-09 5.7824E-09 8.5273E-09 1.4134E-08
Pb208 1.3768E-05 1.5727E-05 1.1251E-05 7.4881E-08 7.1216E-09 9.8093E-09 1.6588E-08 2.4467E-08 4.0563E-08
Pb209 1.7310E-13 6.6892E-13 5.2729E-12 1.4110E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 1.0990E-07 2.7532E-07 3.7498E-08 2.3674E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 4.1607E-07 4.0106E-07 1.9634E-07 2.1184E-09 9.6558E-10 1.3259E-09 2.2171E-09 3.2748E-09 5.4354E-09
v=0 km/s - [Fe/H]=-2
H 6.2472E+00 7.0145E+00 8.7996E+00 1.0439E+01 1.0490E-01 1.9175E-01 2.9051E-01 1.0651E+00 1.2642E+01
H2 8.4673E-07 4.4602E-06 5.9392E-06 7.4361E-06 4.1074E-06 7.5081E-06 1.1375E-05 2.3798E-05 3.5692E-05
H3 1.1496E-28 1.4324E-22 5.4323E-19 3.3079E-17 0.0000E+00 0.0000E+00 0.0000E+00 1.5015E-13 5.4429E-13
He3 2.7282E-04 2.8399E-04 3.2559E-04 3.6339E-04 4.3526E-06 7.9563E-06 1.2054E-05 7.0077E-05 9.2506E-04
He4 4.4455E+00 5.1361E+00 6.7631E+00 8.3263E+00 3.3143E-02 6.0586E-02 9.1787E-02 3.3653E-01 4.5422E+00
Li6 3.8376E-12 2.0217E-11 2.6924E-11 3.3713E-11 1.8617E-11 3.4030E-11 5.1557E-11 1.0801E-10 1.6213E-10
Li7 5.4512E-11 2.8721E-10 3.8253E-10 4.8011E-10 2.6443E-10 4.8338E-10 7.3232E-10 1.5346E-09 2.3133E-09
Be7 7.3184E-16 2.9481E-14 9.5899E-13 2.0708E-11 0.0000E+00 0.0000E+00 0.0000E+00 3.1542E-17 3.7667E-16
Be9 6.5898E-14 2.8491E-13 3.5411E-13 4.2814E-13 2.2167E-13 4.0519E-13 6.1388E-13 1.2873E-12 1.9324E-12
Be10 1.1293E-59 1.3059E-59 1.7883E-59 2.2569E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 1.1908E-12 1.5422E-12 1.8725E-12 2.5010E-12 1.0240E-12 1.8719E-12 2.8359E-12 6.7939E-12 9.5725E-12
B11 4.9967E-11 5.5432E-11 6.7768E-11 8.2664E-11 4.5340E-12 8.2879E-12 1.2556E-11 4.6038E-11 2.7939E-10
C12 1.5712E-01 2.6341E-01 4.0529E-01 6.4495E-01 6.0459E-06 1.1052E-05 1.6743E-05 6.1390E-05 6.2715E-04
C13 1.0926E-05 1.2453E-05 1.5771E-05 1.9902E-05 7.3263E-08 1.3392E-07 2.0289E-07 7.4391E-07 1.7409E-05
C14 4.5264E-08 8.6733E-08 7.2361E-08 1.8079E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 9.7202E-34
N13 1.6061E-12 2.5652E-12 3.1039E-12 1.0582E-13 0.0000E+00 0.0000E+00 0.0000E+00 9.8513E-28 9.4831E-27
N14 8.5161E-04 9.7382E-04 1.1868E-03 1.6436E-03 9.5993E-07 1.7547E-06 2.6584E-06 9.7471E-06 7.2005E-04
N15 1.4213E-07 1.6887E-07 1.5448E-07 2.3891E-07 2.3607E-09 4.3152E-09 6.5375E-09 2.3970E-08 2.1082E-07
N16 1.6415E-30 1.8066E-29 8.0046E-31 5.0581E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
O15 7.0587E-17 2.7594E-15 2.8832E-15 9.9443E-14 0.0000E+00 0.0000E+00 0.0000E+00 1.4449E-32 1.6124E-31
O16 2.7327E-01 5.5909E-01 1.3625E+00 2.3756E+00 2.8197E-05 5.1541E-05 7.8088E-05 2.8631E-04 2.9820E-03
O17 8.1649E-06 8.8659E-06 7.9389E-06 5.2595E-06 1.1381E-08 2.0805E-08 3.1519E-08 1.1557E-07 1.2223E-06
O18 9.2450E-05 1.0309E-04 1.0077E-04 6.0020E-05 6.3594E-08 1.1625E-07 1.7611E-07 6.4572E-07 6.6395E-06
O19 1.5122E-24 1.4672E-23 6.4613E-22 9.5042E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 4.1086E-26 1.3169E-25 8.8087E-24 2.4754E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F18 2.5695E-08 2.3208E-08 1.5909E-09 1.5978E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F19 3.6700E-08 4.1585E-08 6.8675E-08 1.2483E-07 7.0124E-10 1.2818E-09 1.9420E-09 7.1203E-09 7.4019E-08
F20 1.1194E-26 3.9008E-26 1.5548E-20 5.0394E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 1.2166E-02 4.6464E-02 4.6908E-01 7.6228E-01 1.6083E-06 2.9399E-06 4.4539E-06 1.6330E-05 1.9379E-04
Ne21 6.9402E-06 1.7947E-05 9.9970E-05 2.2218E-04 4.0480E-09 7.3996E-09 1.1210E-08 4.1104E-08 4.3287E-07
Ne22 3.0972E-04 4.6714E-04 9.4697E-04 1.3213E-03 1.3008E-07 2.3778E-07 3.6024E-07 1.3208E-06 1.4058E-05
Ne23 2.4497E-18 6.4231E-18 1.8685E-16 3.1678E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 3.8243E-17 5.0056E-16 3.2277E-15 3.6925E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 1.8338E-07 4.2188E-07 3.3598E-06 1.3238E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na23 6.5262E-05 1.5082E-04 2.5008E-03 4.6231E-03 4.0629E-08 7.4269E-08 1.1252E-07 4.1254E-07 1.3213E-05
Na24 2.5950E-09 2.7036E-08 2.3674E-07 5.4361E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 3.8420E-17 9.9955E-14 1.5048E-13 1.6931E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.1463E-02 2.5950E-02 1.0793E-01 1.1229E-01 1.3643E-06 2.4938E-06 3.7781E-06 1.3852E-05 1.7182E-04
Mg25 3.1681E-05 2.0457E-04 1.2391E-03 1.2656E-03 1.7991E-07 3.2887E-07 4.9824E-07 1.8268E-06 1.9064E-05
Mg26 2.7669E-05 2.5168E-04 2.0391E-03 1.9071E-03 2.0600E-07 3.7656E-07 5.7048E-07 2.0917E-06 2.2930E-05
Mg27 1.3798E-14 2.4245E-13 7.4173E-12 5.2308E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 2.9607E-19 9.5619E-19 3.1867E-18 1.9023E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 1.8364E-05 4.1799E-05 5.4286E-05 6.8907E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.8903E-08
Alg6 3.8516E-08 9.3992E-08 3.6274E-07 1.2663E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.8903E-08
Alm6 6.4698E-18 2.3755E-19 4.5176E-22 6.8186E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al27 3.0174E-04 1.3849E-03 4.1224E-03 3.4357E-03 7.7352E-08 1.4140E-07 2.1421E-07 7.8543E-07 1.5014E-05
Al28 3.9432E-13 1.0791E-11 8.2959E-12 3.3323E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 6.4749E-20 1.9731E-14 8.9085E-17 1.3470E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 6.1564E-02 9.1009E-02 1.0731E-01 1.0407E-01 2.1834E-06 3.9911E-06 6.0466E-06 2.2170E-05 2.7231E-04
Si29 2.5434E-04 6.4468E-04 9.0590E-04 6.6189E-04 1.1483E-07 2.0990E-07 3.1800E-07 1.1660E-06 1.4233E-05
Si30 3.6900E-04 8.8192E-04 9.5571E-04 5.2841E-04 7.8306E-08 1.4314E-07 2.1686E-07 7.9512E-07 9.8104E-06
Si31 3.7475E-10 2.5552E-09 3.1290E-09 1.9465E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 1.3682E-11 4.3577E-11 2.1270E-10 1.1419E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 9.2127E-22 1.3017E-21 2.1599E-20 6.6744E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 2.1941E-12 3.5420E-11 2.6960E-11 3.7683E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 1.3833E-04 2.9166E-04 3.1361E-04 2.5633E-04 8.0998E-09 1.4806E-08 2.2431E-08 8.2244E-08 1.0086E-06
P32 5.0462E-08 9.4509E-08 1.6073E-07 9.1760E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P33 3.8676E-08 6.3104E-08 5.0209E-08 2.7198E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 2.8761E-24 9.9667E-20 2.4565E-20 1.6276E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 1.1070E-23 5.2096E-18 1.8759E-20 8.9103E-25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 2.1407E-02 2.9167E-02 2.9287E-02 2.9827E-02 9.1130E-07 1.6658E-06 2.5237E-06 9.2533E-06 1.1344E-04
S33 1.0592E-04 1.9804E-04 1.8723E-04 2.0529E-04 7.5239E-09 1.3753E-08 2.0836E-08 7.6396E-08 9.3656E-07
S34 5.7355E-04 7.5899E-04 5.3061E-04 4.3019E-04 4.3756E-08 7.9984E-08 1.2118E-07 4.4430E-07 5.4469E-06
S35 1.4485E-08 3.5408E-08 2.4920E-08 2.9937E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S36 2.6672E-08 3.2311E-08 3.9821E-08 4.6873E-08 2.1599E-10 3.9483E-10 5.9815E-10 2.1932E-09 2.6887E-08
S37 4.1769E-21 3.4680E-20 5.8064E-19 1.9359E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 4.1329E-24 2.0787E-24 5.5572E-25 3.1080E-26 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 2.1851E-28 7.8771E-23 2.2929E-25 7.5795E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 2.8886E-05 5.8959E-05 4.7817E-05 5.2417E-05 8.5257E-09 1.5585E-08 2.3611E-08 8.6570E-08 1.0613E-06
Cl36 1.2602E-07 2.0249E-07 1.5011E-07 1.3243E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 8.6656E-22
Cl37 4.4184E-07 6.3079E-07 9.4286E-07 1.3432E-06 2.8806E-09 5.2656E-09 7.9775E-09 2.9249E-08 3.5859E-07
Cl38 1.1280E-13 2.0709E-13 1.6416E-13 8.2265E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 3.8421E-03 5.0276E-03 5.0437E-03 5.2804E-03 1.7408E-07 3.1823E-07 4.8209E-07 1.7676E-06 2.1670E-05
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ar37 8.5103E-06 1.2477E-05 1.1397E-05 1.2950E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.0600E-22
Ar38 2.4058E-04 2.9861E-04 2.0580E-04 1.6940E-04 3.3409E-08 6.1070E-08 9.2522E-08 3.3924E-07 4.1588E-06
Ar39 2.7780E-09 3.6050E-09 1.1059E-08 1.8015E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar40 4.9319E-09 5.7105E-09 8.6995E-09 1.1395E-08 5.6247E-11 1.0282E-10 1.5577E-10 5.7113E-10 7.0017E-09
Ar41 6.8382E-14 1.6849E-13 1.0960E-13 3.2475E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 1.6862E-32 2.4016E-33 2.8862E-34 6.0798E-36 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 2.5212E-13 1.0369E-12 8.8540E-13 6.0241E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 2.8147E-05 3.8693E-05 3.5477E-05 2.7853E-05 3.9561E-09 7.2317E-09 1.0956E-08 4.0170E-08 4.9246E-07
K40 6.6156E-09 1.3174E-08 2.3092E-08 4.3919E-08 6.4046E-12 1.1707E-11 1.7736E-11 6.4992E-11 7.9611E-10
K41 2.6195E-08 3.2489E-08 5.6629E-08 8.5100E-08 3.0015E-10 5.4865E-10 8.3120E-10 3.0476E-09 3.7361E-08
K42 3.7426E-11 1.2304E-10 9.8152E-11 2.5204E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 3.3776E-03 4.2530E-03 4.2878E-03 4.9254E-03 1.9305E-07 3.5288E-07 5.3463E-07 1.9603E-06 2.4032E-05
Ca41 2.0852E-06 2.8940E-06 2.9290E-06 2.9824E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 9.1823E-20
Ca42 6.6683E-06 8.0454E-06 6.0317E-06 5.0318E-06 1.3529E-09 2.4730E-09 3.7466E-09 1.3737E-08 1.6841E-07
Ca43 7.4454E-08 9.5426E-08 1.4617E-07 2.8298E-07 2.8901E-10 5.2830E-10 8.0035E-10 2.9346E-09 3.5976E-08
Ca44 3.6786E-07 4.2808E-07 6.1033E-07 8.7920E-07 4.5696E-09 8.3530E-09 1.2655E-08 4.6400E-08 5.6882E-07
Ca45 5.6762E-10 4.7048E-10 1.8294E-09 4.7153E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca46 8.0742E-10 8.7861E-10 1.2417E-09 1.6842E-09 9.1607E-12 1.6745E-11 2.5369E-11 9.3017E-11 1.1403E-09
Ca47 1.0241E-12 6.5235E-13 6.1523E-13 1.5837E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca48 3.5316E-08 4.1010E-08 5.5577E-08 6.9287E-08 4.4688E-10 8.1686E-10 1.2376E-09 4.5376E-09 5.5627E-08
Ca49 1.3967E-18 5.1406E-18 9.2710E-18 1.6687E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 3.3312E-48 7.5766E-50 1.1514E-51 7.0567E-53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 6.2166E-43 2.4951E-40 8.7058E-43 1.3586E-44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 2.0148E-08 2.6081E-08 2.3698E-08 2.7242E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 3.6616E-10 5.1855E-10 6.9561E-10 1.2671E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 7.8785E-08 1.1117E-07 1.3108E-07 1.6811E-07 6.4613E-11 1.1811E-10 1.7894E-10 6.5608E-10 8.0431E-09
Sc46 2.4524E-10 3.4943E-10 9.8154E-10 3.3096E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc47 3.9126E-11 3.6617E-11 3.5813E-11 1.2429E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc48 3.8538E-11 1.5294E-10 1.3294E-10 2.2655E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 7.3149E-14 2.7786E-13 2.5927E-13 3.6517E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 1.9393E-05 2.0445E-05 2.0255E-05 2.7779E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 2.2797E-08 3.1878E-08 3.3374E-08 3.3267E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 4.2445E-06 4.8587E-06 3.9750E-06 2.7255E-06 6.8600E-10 1.2540E-09 1.8998E-09 6.9655E-09 8.5392E-08
Ti47 4.0870E-07 4.7505E-07 4.1422E-07 4.5795E-07 6.3209E-10 1.1554E-09 1.7505E-09 6.4183E-09 7.8683E-08
Ti48 5.0696E-07 5.8307E-07 7.5339E-07 9.0976E-07 6.3964E-09 1.1692E-08 1.7714E-08 6.4948E-08 7.9623E-07
Ti49 4.4906E-08 5.8634E-08 1.0429E-07 1.4335E-07 4.7919E-10 8.7593E-10 1.3270E-09 4.8656E-09 5.9650E-08
Ti50 4.0805E-08 5.0859E-08 9.7137E-08 1.6713E-07 4.6817E-10 8.5581E-10 1.2966E-09 4.7538E-09 5.8278E-08
Ti51 6.6452E-18 4.7153E-17 1.5370E-15 3.9929E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 3.9251E-54 1.5912E-47 5.2639E-50 4.1797E-50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 1.5836E-53 3.6530E-47 1.4140E-50 8.3192E-56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 8.3809E-11 1.0124E-10 1.0307E-10 1.2948E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 1.4819E-08 1.6952E-08 1.7611E-08 1.6124E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 1.6770E-06 1.7229E-06 1.8911E-06 1.2501E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 3.4328E-10 6.2134E-10 1.2272E-09 1.9752E-09 1.0815E-12 1.9769E-12 2.9950E-12 1.0981E-11 1.3462E-10
V51 3.6410E-08 4.2880E-08 5.9696E-08 7.6809E-08 4.4014E-10 8.0456E-10 1.2189E-09 4.4692E-09 5.4789E-08
V52 4.4582E-18 6.8240E-17 9.2125E-16 2.3497E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 5.9778E-05 5.9191E-05 5.8571E-05 6.3632E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 3.7067E-09 3.7733E-09 4.1302E-09 2.8006E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 1.0135E-05 1.2266E-05 1.4821E-05 4.8934E-06 9.6398E-10 1.7621E-09 2.6696E-09 9.7882E-09 1.2000E-07
Cr51 2.9793E-06 3.1166E-06 3.6669E-06 1.4549E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.1403E-23
Cr52 2.6671E-06 2.8599E-06 3.4985E-06 3.4656E-06 1.9333E-08 3.5339E-08 5.3539E-08 1.9631E-07 2.4066E-06
Cr53 1.7389E-07 2.0295E-07 2.8049E-07 3.5169E-07 2.2343E-09 4.0842E-09 6.1878E-09 2.2687E-08 2.7814E-07
Cr54 5.7194E-08 7.4783E-08 1.5154E-07 2.5542E-07 5.6667E-10 1.0358E-09 1.5693E-09 5.7539E-09 7.0540E-08
Cr55 1.8639E-18 1.7337E-17 5.9633E-16 5.8551E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Mn50 1.1293E-59 3.7208E-57 2.5093E-59 2.2569E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 7.9175E-09 8.2125E-09 9.8043E-09 3.9232E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 1.3023E-04 1.1726E-04 1.3218E-04 1.0357E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 3.5988E-05 3.3575E-05 4.0775E-05 2.3182E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 2.5351E-09 3.0928E-09 3.3851E-09 2.6541E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.2731E-06 1.5335E-06 2.1663E-06 2.6095E-06 1.5047E-08 2.7507E-08 4.1673E-08 1.5279E-07 1.8732E-06
Mn56 5.1599E-10 1.3448E-09 3.1659E-10 3.1096E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 5.4837E-22 4.0120E-20 5.3634E-19 1.5673E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 3.8943E-04 3.4994E-04 3.9220E-04 3.0842E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 1.7319E-14 3.4485E-14 4.5167E-14 8.6210E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 6.3832E-04 7.4842E-04 1.0831E-03 3.0933E-04 1.0146E-07 1.8546E-07 2.8098E-07 1.0302E-06 1.2629E-05
Fe55 2.7771E-05 2.7277E-05 3.4100E-05 1.4078E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.1226E-21
Fe56 1.3724E-04 1.5959E-04 2.1133E-04 2.5055E-04 1.6516E-06 3.0191E-06 4.5741E-06 1.6771E-05 2.0559E-04
Fe57 3.5398E-06 4.6263E-06 8.4283E-06 1.1888E-05 3.8825E-08 7.0970E-08 1.0752E-07 3.9423E-07 4.8330E-06
Fe58 8.9551E-07 1.4480E-06 5.0741E-06 1.0889E-05 5.2576E-09 9.6106E-09 1.4560E-08 5.3385E-08 6.5447E-07
Fe59 4.2269E-08 3.4013E-08 9.3769E-08 2.5240E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe60 6.8034E-09 2.3121E-09 5.4400E-09 1.2410E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6399E-38
Fe61 1.2683E-18 2.5103E-19 2.7212E-17 4.3702E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 1.1293E-59 1.3059E-59 1.7883E-59 2.2569E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 1.2078E-04 1.1187E-04 1.3682E-04 6.3008E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 1.2803E-06 1.4904E-06 1.5472E-06 1.3061E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 1.2140E-04 1.2590E-04 1.2776E-04 1.2869E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 2.4145E-08 5.8855E-08 7.7950E-08 8.6764E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 5.9760E-07 8.0979E-07 1.9059E-06 3.7422E-06 5.8609E-09 1.0713E-08 1.6231E-08 5.9511E-08 7.2955E-07
Co60 1.2232E-08 1.1723E-08 1.9461E-08 5.1932E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co61 1.2753E-10 1.2908E-10 8.4886E-11 1.9507E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 7.0000E-02 7.0000E-02 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.2950E-03 2.3675E-03 2.3624E-03 2.4067E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 4.2558E-03 4.2714E-03 4.3621E-03 4.2366E-03 6.6609E-08 1.2176E-07 1.8447E-07 6.7634E-07 8.2915E-06
Ni59 1.2670E-04 1.3151E-04 1.2610E-04 1.1719E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.0185E-19
Ni60 1.4573E-03 1.4265E-03 1.4021E-03 1.5752E-03 2.6543E-08 4.8520E-08 7.3507E-08 2.6951E-07 3.3040E-06
Ni61 4.2914E-05 4.3893E-05 4.0583E-05 4.0807E-05 1.1730E-09 2.1442E-09 3.2485E-09 1.1911E-08 1.4602E-07
Ni62 1.2923E-05 1.3981E-05 1.5383E-05 1.3712E-05 3.8015E-09 6.9487E-09 1.0528E-08 3.8600E-08 4.7319E-07
Ni63 1.1132E-08 8.8007E-09 4.3765E-08 1.2669E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni64 8.6153E-08 1.0160E-07 1.8123E-07 3.3811E-07 9.9934E-10 1.8267E-09 2.7675E-09 1.0147E-08 1.2440E-07
Ni65 2.2370E-11 2.0832E-11 7.5039E-12 2.9986E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 1.1293E-59 1.3059E-59 1.7883E-59 2.2569E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 2.7527E-39 1.2641E-33 4.9416E-35 8.3877E-35 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 4.8165E-20 2.7113E-19 1.5892E-18 1.1519E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 3.2740E-08 3.2220E-08 3.1715E-08 3.5604E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 3.3436E-05 3.4122E-05 3.1111E-05 3.1014E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 4.3069E-07 4.6286E-07 4.9889E-07 4.0909E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 9.5023E-07 8.8783E-07 1.0551E-06 1.7654E-06 6.8607E-10 1.2541E-09 1.9000E-09 6.9663E-09 8.5401E-08
Cu64 7.4247E-10 1.6426E-09 2.6212E-09 7.6417E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu65 3.0003E-08 3.9768E-08 8.4614E-08 2.0914E-07 3.1550E-10 5.7670E-10 8.7371E-10 3.2035E-09 3.9273E-08
Cu66 3.5512E-17 7.3951E-16 1.8929E-14 5.2742E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 2.0619E-20 1.1648E-20 6.6455E-20 9.3084E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 1.3053E-22 2.1568E-21 6.6058E-21 4.8500E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 5.9332E-04 6.2568E-04 5.9971E-04 5.0869E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 1.3662E-09 1.1479E-09 1.2806E-09 2.0665E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 8.1735E-06 7.1234E-06 8.3025E-06 1.3180E-05 1.1487E-09 2.0997E-09 3.1811E-09 1.1664E-08 1.4299E-07
Zn65 5.9463E-07 6.1654E-07 5.2516E-07 5.5371E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn66 2.5619E-06 2.7922E-06 2.5418E-06 2.0752E-06 6.7961E-10 1.2423E-09 1.8821E-09 6.9007E-09 8.4598E-08
Zn67 9.8558E-09 1.1525E-08 1.9377E-08 3.8056E-08 1.0138E-10 1.8532E-10 2.8077E-10 1.0294E-09 1.2620E-08
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Zn68 3.8942E-08 4.6119E-08 7.1522E-08 1.1620E-07 4.7057E-10 8.6017E-10 1.3032E-09 4.7781E-09 5.8576E-08
Zn69 1.0106E-12 1.6907E-12 1.6059E-12 7.8378E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 1.3389E-09 1.4830E-09 1.8938E-09 2.3032E-09 1.6018E-11 2.9280E-11 4.4359E-11 1.6264E-10 1.9939E-09
Zn71 5.6301E-22 4.1894E-21 4.2499E-19 3.8947E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 1.1293E-59 1.3059E-59 1.7883E-59 2.2569E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 9.2019E-33 1.1095E-30 1.6655E-28 2.9324E-27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 6.3982E-23 1.8555E-22 7.9165E-22 2.0610E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 1.4172E-13 1.4130E-13 1.1837E-13 1.2734E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 6.3806E-06 6.9293E-06 6.1778E-06 4.7012E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 1.9834E-08 2.0658E-08 1.7415E-08 1.7051E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 5.8053E-12 5.1733E-12 1.1235E-11 3.0372E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 4.3648E-09 5.3244E-09 8.5880E-09 1.4692E-08 4.6226E-11 8.4499E-11 1.2802E-10 4.6938E-10 5.7542E-09
Ga70 1.1176E-14 1.1727E-13 4.1026E-13 4.5588E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 2.6486E-09 3.2334E-09 5.2343E-09 8.4432E-09 3.1568E-11 5.7705E-11 8.7425E-11 3.2055E-10 3.9297E-09
Ga72 3.1776E-11 3.5165E-11 2.2183E-11 9.4925E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 7.1169E-29 4.4648E-29 5.5971E-28 1.0995E-27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 2.5312E-38 8.9730E-34 6.2310E-36 1.0527E-36 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.2537E-06 1.3615E-06 1.2144E-06 9.2453E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 1.0765E-13 6.5704E-15 1.4432E-14 4.1362E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 1.7323E-08 7.7492E-09 1.1281E-08 4.2721E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 5.8783E-10 4.8916E-11 1.4959E-10 6.4892E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 7.9425E-09 8.8831E-09 1.4474E-08 2.8426E-08 6.6238E-11 1.2108E-10 1.8344E-10 6.7257E-10 8.2453E-09
Ge71 1.1977E-10 1.2911E-10 4.0225E-10 1.1027E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge72 7.4660E-09 8.9050E-09 1.3049E-08 1.8910E-08 9.0033E-11 1.6458E-10 2.4934E-10 9.1420E-10 1.1207E-08
Ge73 2.0643E-09 2.4304E-09 3.7779E-09 5.7523E-09 2.5622E-11 4.6835E-11 7.0955E-11 2.6016E-10 3.1895E-09
Ge74 9.8789E-09 1.1667E-08 1.7006E-08 2.4168E-08 1.2190E-10 2.2283E-10 3.3759E-10 1.2378E-09 1.5174E-08
Ge75 6.1012E-13 9.9381E-13 1.4962E-12 4.9698E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 2.0807E-09 2.3793E-09 3.0939E-09 3.7334E-09 2.6261E-11 4.8003E-11 7.2726E-11 2.6665E-10 3.2689E-09
Ge77 3.5993E-12 2.5133E-12 1.0275E-13 2.8890E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 4.1310E-11 1.5326E-12 4.2785E-12 1.9036E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 3.2940E-11 2.5714E-12 7.4238E-12 2.5407E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 5.4927E-11 5.5133E-11 1.0687E-10 2.3479E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 6.2654E-12 1.0029E-11 1.5009E-11 3.1109E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 1.2632E-09 1.5222E-09 2.2131E-09 3.1751E-09 1.5212E-11 2.7805E-11 4.2124E-11 1.5446E-10 1.8935E-09
As76 1.1690E-11 1.1452E-11 3.4149E-11 1.0040E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 1.8733E-11 1.9288E-11 1.5948E-11 3.8298E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 5.0158E-10 3.8445E-10 6.3645E-10 1.3085E-09 1.4646E-12 2.6773E-12 4.0559E-12 1.4872E-11 1.8232E-10
Se75 6.3676E-11 3.9539E-11 8.0141E-11 2.1066E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se76 1.6077E-09 2.0043E-09 2.9469E-09 4.5323E-09 1.5837E-11 2.8947E-11 4.3858E-11 1.6081E-10 1.9714E-09
Se77 1.0340E-09 1.2002E-09 1.7547E-09 2.4680E-09 1.3065E-11 2.3883E-11 3.6183E-11 1.3267E-10 1.6264E-09
Se78 3.4183E-09 4.1333E-09 6.3262E-09 9.1836E-09 4.1231E-11 7.5371E-11 1.1418E-10 4.1867E-10 5.1325E-09
Se79 2.7098E-11 5.1369E-11 2.7231E-10 6.2534E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.2890E-25
Se80 6.8847E-09 7.8872E-09 1.0283E-08 1.2613E-08 8.8261E-11 1.6134E-10 2.4443E-10 8.9619E-10 1.0987E-08
Se81 1.1961E-16 1.1307E-15 7.7235E-15 1.5576E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.2711E-09 1.4625E-09 1.9467E-09 2.3835E-09 1.5920E-11 2.9101E-11 4.4087E-11 1.6165E-10 1.9817E-09
Se83 1.6650E-16 3.7210E-16 1.2375E-16 4.3659E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 9.8834E-14 1.9562E-15 4.8880E-15 2.7720E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 8.3255E-12 2.8478E-13 9.3953E-13 3.9232E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 2.6582E-11 4.8857E-12 1.0930E-11 3.7070E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 1.1038E-17 2.2061E-16 2.3698E-16 1.9804E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.0441E-09 1.2123E-09 1.5721E-09 1.9537E-09 1.4114E-11 2.5800E-11 3.9086E-11 1.4331E-10 1.7570E-09
Br80 1.6854E-15 2.1527E-14 3.5565E-14 3.8495E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 1.1491E-09 1.3356E-09 1.7515E-09 2.1630E-09 1.4077E-11 2.5734E-11 3.8986E-11 1.4294E-10 1.7524E-09
Br82 4.9263E-12 6.7286E-12 5.8442E-12 1.2552E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Br83 2.5477E-12 4.2247E-12 1.2725E-12 1.7772E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 1.4349E-10 6.7631E-11 9.8458E-11 1.7984E-10 5.1040E-13 9.3299E-13 1.4135E-12 5.1826E-12 6.3535E-11
Kr79 2.3991E-11 2.4428E-12 6.7769E-12 2.2720E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 4.6211E-10 5.7122E-10 8.7718E-10 1.4388E-09 3.3636E-12 6.1486E-12 9.3150E-12 3.4154E-11 4.1870E-10
Kr81 4.8485E-11 6.7314E-11 1.5029E-10 2.8390E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 8.1829E-24
Kr82 1.5571E-09 1.9541E-09 3.1021E-09 4.3845E-09 1.7276E-11 3.1578E-11 4.7841E-11 1.7542E-10 2.1505E-09
Kr83 1.3261E-09 1.5764E-09 2.2964E-09 3.1039E-09 1.7323E-11 3.1666E-11 4.7972E-11 1.7589E-10 2.1563E-09
Kr84 6.8896E-09 8.1701E-09 1.1731E-08 1.5611E-08 8.6403E-11 1.5794E-10 2.3928E-10 8.7732E-10 1.0755E-08
Kr85 4.2309E-11 4.9731E-11 2.0529E-10 4.3227E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr86 2.1711E-09 2.5143E-09 3.4550E-09 4.3398E-09 2.6751E-11 4.8898E-11 7.4081E-11 2.7163E-10 3.3299E-09
Kr87 9.9819E-15 1.7378E-14 2.0383E-15 1.6796E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 5.0044E-17 3.9546E-19 1.3046E-18 5.6006E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 3.2339E-26 9.3499E-23 2.9917E-24 1.2760E-26 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 1.4691E-12 3.3454E-14 1.0989E-13 5.3135E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 2.2455E-12 5.6985E-14 1.9462E-13 8.0101E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 1.2077E-11 6.3260E-12 1.5587E-11 3.5070E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 2.0336E-12 1.5252E-12 3.8186E-12 8.5967E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 1.6478E-09 1.9477E-09 2.6292E-09 3.3171E-09 2.0269E-11 3.7051E-11 5.6130E-11 2.0581E-10 2.5230E-09
Rb86 2.0232E-11 3.4832E-11 7.4464E-11 1.3151E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb87 7.3075E-10 8.5173E-10 1.1428E-09 1.4379E-09 8.5380E-12 1.5607E-11 2.3645E-11 8.6693E-11 1.0628E-09
Rb88 4.1368E-17 1.0104E-16 1.0660E-16 4.1054E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 7.5237E-11 8.1339E-11 1.1221E-10 2.2030E-10 3.5320E-13 6.4563E-13 9.7814E-13 3.5864E-12 4.3967E-11
Sr85 1.0167E-11 4.0837E-12 8.6850E-12 2.0236E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr86 7.4019E-10 1.0003E-09 1.8718E-09 3.0415E-09 6.3948E-12 1.1689E-11 1.7710E-11 6.4933E-11 7.9603E-10
Sr87 4.2091E-10 5.6268E-10 1.1087E-09 1.8915E-09 4.5210E-12 8.2640E-12 1.2520E-11 4.5908E-11 5.6281E-10
Sr88 4.6192E-09 5.5721E-09 8.6827E-09 1.3219E-08 5.4825E-11 1.0022E-10 1.5183E-10 5.5669E-10 6.8247E-09
Sr89 1.2246E-11 8.1282E-12 3.4856E-11 8.2232E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr90 3.9710E-12 6.6509E-13 2.2058E-12 5.3648E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 3.8310E-14 2.0659E-14 1.5575E-15 1.6781E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 4.8947E-14 1.8591E-16 7.3770E-16 3.8249E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 1.0278E-12 5.5874E-15 2.8216E-14 1.3066E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 9.7899E-12 5.4097E-13 1.8618E-12 5.7982E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 1.5160E-11 1.3790E-12 4.5331E-12 1.2484E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 1.2476E-09 1.4771E-09 2.1750E-09 3.2432E-09 1.4672E-11 2.6821E-11 4.0632E-11 1.4899E-10 1.8265E-09
Y90 1.1801E-12 1.8713E-12 4.2399E-12 1.2250E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 4.3707E-12 2.1635E-12 2.1749E-12 5.3265E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 1.5197E-09 1.7969E-09 2.5031E-09 3.5418E-09 1.7895E-11 3.2710E-11 4.9560E-11 1.8171E-10 2.2277E-09
Zr91 3.1668E-10 3.7177E-10 5.3075E-10 7.1015E-10 3.9459E-12 7.2127E-12 1.0928E-11 4.0066E-11 4.9118E-10
Zr92 4.9520E-10 5.8511E-10 8.3285E-10 1.1023E-09 6.0977E-12 1.1146E-11 1.6886E-11 6.1915E-11 7.5903E-10
Zr93 9.4436E-12 1.5522E-11 5.2100E-11 1.0022E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.7090E-23
Zr94 5.0255E-10 5.8249E-10 8.0987E-10 1.0579E-09 6.3137E-12 1.1541E-11 1.7485E-11 6.4110E-11 7.8594E-10
Zr95 1.9711E-12 1.9915E-12 8.5972E-12 1.7836E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr96 3.2284E-12 1.8565E-12 3.8781E-12 7.1617E-12 1.0388E-12 1.8989E-12 2.8768E-12 6.0185E-12 9.0269E-12
Zr97 6.7457E-15 7.5669E-15 2.4390E-16 6.4925E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 5.8653E-12 9.7466E-13 1.9366E-12 5.0193E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 3.1381E-13 1.1537E-13 1.9015E-13 4.6034E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 2.0145E-10 2.2679E-10 2.8610E-10 3.4257E-10 2.7263E-12 4.9839E-12 7.5505E-12 2.7684E-11 3.3939E-10
Nb94 9.9343E-14 5.2885E-14 2.0271E-13 1.2954E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.2443E-30
Nb95 2.8519E-13 1.1668E-13 1.5882E-12 2.8693E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb96 9.9244E-15 5.9905E-15 9.3565E-14 2.4049E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 1.5218E-15 1.3846E-15 2.3608E-15 5.6002E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 9.1162E-11 1.0742E-10 1.3887E-10 1.7132E-10 1.0304E-12 1.8836E-12 2.8536E-12 1.0463E-11 1.2827E-10
Mo93 8.3163E-13 9.2304E-13 1.8218E-12 2.9911E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo94 6.9948E-11 8.5736E-11 1.1359E-10 1.4222E-10 6.6329E-13 1.2125E-12 1.8369E-12 6.7350E-12 8.2566E-11
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Mo95 9.0837E-11 1.0513E-10 1.3804E-10 1.7208E-10 1.1602E-12 2.1208E-12 3.2130E-12 1.1781E-11 1.4442E-10
Mo96 1.8233E-10 2.1626E-10 2.9150E-10 3.6962E-10 1.2342E-12 2.2560E-12 3.4178E-12 1.7061E-11 2.7391E-10
Mo97 5.7892E-11 6.7924E-11 9.2732E-11 1.1769E-10 7.1797E-13 1.3124E-12 1.9883E-12 7.2902E-12 8.9374E-11
Mo98 1.4948E-10 1.7748E-10 2.4908E-10 3.1568E-10 1.8431E-12 3.3692E-12 5.1044E-12 1.8715E-11 2.2944E-10
Xe132 4.8964E-10 5.7325E-10 7.7968E-10 9.6906E-10 6.1824E-12 1.1301E-11 1.7121E-11 6.2776E-11 7.6959E-10
Xe133 1.0976E-12 2.0977E-12 2.9387E-12 5.7710E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Xe134 1.8795E-10 2.1104E-10 2.7522E-10 3.3253E-10 2.3174E-12 4.2360E-12 6.4178E-12 2.3530E-11 2.8847E-10
Xe135 5.0955E-13 2.6303E-13 3.2161E-14 6.1327E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 1.2192E-10 1.4011E-10 1.8610E-10 2.2695E-10 1.6254E-12 2.9712E-12 4.5013E-12 1.6504E-11 2.0233E-10
Cs134 1.6411E-13 3.3894E-13 1.3366E-12 2.4275E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs135 1.4279E-12 1.8784E-12 4.3888E-12 6.4630E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.2759E-24
Cs136 1.4922E-13 1.7488E-13 3.7727E-13 5.8782E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs137 5.7374E-13 1.7126E-13 2.1479E-13 3.0883E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 5.3899E-20 6.3240E-21 3.1717E-22 6.3536E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 5.4188E-11 6.8974E-11 1.1011E-10 1.4411E-10 4.9831E-13 9.1087E-13 1.3800E-12 5.0598E-12 6.2029E-11
Ba135 1.0121E-10 1.1647E-10 1.5517E-10 1.9099E-10 1.3692E-12 2.5028E-12 3.7918E-12 1.3903E-11 1.7044E-10
Ba136 1.4509E-10 1.8511E-10 3.0131E-10 4.1175E-10 1.6433E-12 3.0039E-12 4.5511E-12 1.6686E-11 2.0456E-10
Ba137 1.8918E-10 2.2351E-10 3.2972E-10 4.4068E-10 2.3674E-12 4.3276E-12 6.5563E-12 2.4039E-11 2.9471E-10
Ba138 1.2376E-09 1.4483E-09 2.0943E-09 2.8432E-09 1.5223E-11 2.7827E-11 4.2159E-11 1.5457E-10 1.8949E-09
Ba139 7.6747E-16 1.3495E-15 2.9057E-17 1.0358E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.2896E-13 1.5094E-13 1.9954E-13 2.4545E-13 1.6070E-15 2.9376E-15 4.4505E-15 1.6318E-14 2.0004E-13
La139 1.4309E-10 1.6775E-10 2.3877E-10 3.1948E-10 1.7771E-12 3.2486E-12 4.9215E-12 1.8045E-11 2.2122E-10
La140 9.7308E-15 1.9331E-14 6.4512E-16 4.9551E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 3.8408E-10 4.4887E-10 6.2320E-10 8.0242E-10 4.7856E-12 8.7477E-12 1.3253E-11 4.8593E-11 5.9571E-10
Ce141 3.2789E-13 3.0694E-13 7.6289E-14 1.7596E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pr141 5.8627E-11 6.8116E-11 9.1582E-11 1.1522E-10 7.5219E-13 1.3750E-12 2.0831E-12 7.6377E-12 9.3633E-11
Pr142 3.8657E-14 8.1813E-14 2.3818E-14 5.0162E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 8.8238E-11 1.0836E-10 1.5519E-10 2.0203E-10 1.0268E-12 1.8769E-12 2.8435E-12 1.0426E-11 1.2781E-10
Nd143 3.4346E-11 3.9301E-11 5.1356E-11 6.4293E-11 4.5968E-13 8.4027E-13 1.2730E-12 4.6676E-12 5.7221E-11
Nd144 7.3070E-11 8.4604E-11 1.1394E-10 1.4262E-10 9.1359E-13 1.6700E-12 2.5301E-12 9.2766E-12 1.1372E-10
Hg202 7.4386E-11 8.7144E-11 1.2245E-10 1.5699E-10 9.0688E-13 1.6577E-12 2.5115E-12 9.2084E-12 1.1289E-10
Hg203 2.4786E-13 4.4497E-13 8.2765E-14 4.7557E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Hg204 1.6722E-11 1.8860E-11 2.4049E-11 2.8870E-11 2.1072E-13 3.8517E-13 5.8353E-13 2.1396E-12 2.6231E-11
Hg205 4.0023E-22 4.6200E-21 1.5512E-20 1.1511E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 3.8203E-11 4.4794E-11 6.5014E-11 8.4539E-11 4.8392E-13 8.8459E-13 1.3402E-12 4.9138E-12 6.0240E-11
Tl204 1.1430E-13 2.2987E-13 4.8756E-13 9.3871E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl205 9.1945E-11 1.0677E-10 1.4659E-10 1.8581E-10 1.1666E-12 2.1324E-12 3.2306E-12 1.1845E-11 1.4521E-10
Tl206 2.0518E-21 2.5500E-20 3.7039E-19 3.8675E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 2.0937E-11 2.6471E-11 4.2844E-11 5.8700E-11 2.3288E-13 4.2567E-13 6.4491E-13 2.3645E-12 2.8988E-11
Pb205 5.4367E-13 8.9525E-13 4.0054E-12 7.9318E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.2873E-26
Pb206 1.7774E-10 2.0928E-10 2.9949E-10 3.9855E-10 2.1881E-12 3.9997E-12 6.0596E-12 2.2218E-11 2.7238E-10
Pb207 1.9455E-10 2.2628E-10 3.1810E-10 4.1649E-10 2.4331E-12 4.4476E-12 6.7381E-12 2.4706E-11 3.0287E-10
Pb208 5.5943E-10 6.5168E-10 9.0721E-10 1.1686E-09 6.9980E-12 1.2792E-11 1.9380E-11 7.1057E-11 8.7111E-10
Pb209 8.6081E-18 1.5939E-17 9.3101E-20 3.4820E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 1.8739E-12 3.0065E-12 3.7353E-12 4.4289E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 7.5270E-11 8.7446E-11 1.1975E-10 1.5108E-10 9.4897E-13 1.7347E-12 2.6280E-12 9.6358E-12 1.1813E-10
v=150 km/s - [Fe/H]=-2
H 4.8704E+00 5.4811E+00 6.9739E+00 8.7150E+00 2.2019E+00 1.1919E+01 1.5197E+01 1.8996E+01 2.3021E+01
H2 1.2296E-16 1.6947E-16 1.4258E-14 2.1389E-13 1.5674E-12 1.6135E-11 1.6675E-10 4.2098E-10 9.8477E-08
H3 7.4087E-25 1.4473E-22 5.4996E-19 3.3360E-17 5.1548E-16 1.4050E-14 3.2012E-14 1.5134E-13 1.2390E-12
He3 1.4486E-04 1.5280E-04 1.7344E-04 9.8666E-05 2.7682E-05 1.5896E-04 2.9791E-04 3.4888E-04 4.3934E-04
He4 3.8019E+00 4.3682E+00 5.7044E+00 6.6429E+00 1.0434E+00 6.2163E+00 8.6965E+00 1.2306E+01 2.3843E+01
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Li6 4.0471E-14 7.3967E-14 1.9439E-13 3.9547E-13 6.9543E-13 4.8586E-13 4.8922E-13 6.6120E-13 1.5506E-12
Li7 9.3481E-10 6.0799E-10 3.5576E-11 1.0302E-09 2.6017E-11 1.7462E-08 1.2737E-08 6.4083E-09 1.1994E-10
Be7 1.4715E-12 2.3323E-12 1.8867E-12 2.0455E-09 3.3150E-17 1.2578E-09 3.4101E-09 2.4523E-09 3.5769E-11
Be9 9.2619E-16 1.6843E-15 4.6014E-15 9.3440E-15 1.4766E-14 1.3652E-14 1.0010E-14 1.2885E-14 3.1835E-14
Be10 8.8946E-60 1.0685E-59 1.4603E-59 2.1716E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.5396E-42
B10 6.1224E-15 1.0894E-14 2.9544E-14 5.9526E-14 8.9985E-14 9.9227E-14 6.0445E-14 7.7387E-14 1.9408E-13
B11 9.4147E-12 1.0172E-11 1.0797E-11 5.5779E-12 2.3006E-12 4.0808E-12 3.4694E-12 4.4379E-12 7.3194E-12
C12 3.0435E-01 3.8691E-01 5.5780E-01 8.5541E-01 2.3002E-05 1.1058E-02 3.7462E-02 1.1911E-01 5.2895E-01
C13 9.4023E-04 1.3876E-03 3.9204E-04 1.7923E-04 3.0089E-06 1.1163E-03 2.1988E-03 3.8537E-03 4.7466E-03
C14 1.6758E-03 3.3392E-03 5.3982E-03 3.0992E-04 1.1600E-23 5.2255E-14 3.3303E-13 1.5295E-12 9.7814E-12
N13 4.4441E-13 1.1012E-11 3.1035E-12 3.2213E-13 1.0860E-34 2.4006E-13 8.6157E-13 1.4973E-12 8.4505E-13
N14 5.8143E-02 6.5678E-02 9.4109E-02 7.9601E-03 4.0206E-04 1.7183E-02 2.8380E-02 4.3325E-02 6.2026E-02
N15 6.0038E-04 1.0992E-03 1.4692E-03 1.3466E-05 1.1094E-08 3.4800E-07 5.6724E-07 8.5272E-07 1.2046E-06
N16 2.5578E-25 2.7594E-25 1.2616E-21 6.6040E-26 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 1.5513E-15 4.8102E-16 8.8786E-16 1.0470E-14 4.5048E-37 4.4399E-15 1.5862E-14 2.1656E-14 1.4086E-14
O16 1.4704E+00 1.6493E+00 3.0446E+00 4.6394E+00 3.8813E-04 7.3106E-03 2.6595E-02 7.0416E-02 2.4062E-01
O17 5.4430E-04 6.5176E-04 4.7616E-04 5.1937E-05 6.1193E-07 5.4412E-06 1.0352E-05 1.5741E-05 1.4628E-05
O18 8.5887E-03 1.3084E-02 6.0831E-02 6.9387E-05 2.4456E-07 1.4244E-06 3.5944E-06 4.1133E-06 6.8891E-06
O19 1.6306E-21 9.7654E-21 1.2721E-19 1.1672E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 8.3593E-19 1.1692E-18 8.1384E-17 2.5742E-18 0.0000E+00 1.6556E-17 1.2341E-16 1.8445E-16 6.5947E-17
F18 1.4230E-07 3.3765E-07 3.3577E-06 2.5935E-07 0.0000E+00 3.6703E-18 3.1098E-17 4.4827E-17 1.5016E-17
F19 5.2768E-05 1.1385E-04 1.7215E-04 1.4406E-04 5.7376E-09 5.6077E-08 6.5060E-08 7.6292E-08 8.0350E-08
F20 1.7785E-19 1.2546E-19 4.3942E-18 7.9778E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 1.2106E-01 7.8979E-02 7.7654E-02 4.2674E-01 3.4410E-05 1.9366E-04 2.6454E-04 3.7758E-04 7.4272E-04
Ne21 1.9475E-04 3.2985E-04 4.5894E-04 1.0095E-03 7.8990E-08 6.3318E-07 1.9206E-06 5.7008E-06 2.6681E-05
Ne22 1.1740E-02 1.5460E-02 3.8932E-02 2.0760E-02 1.5285E-06 3.6950E-05 7.8746E-05 2.0378E-04 8.3989E-04
Ne23 1.4939E-15 1.0697E-16 3.7931E-15 1.3129E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 1.5231E-14 2.1271E-14 1.8681E-14 7.1368E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 8.4894E-07 1.5161E-06 1.3645E-06 2.0435E-06 0.0000E+00 1.6883E-17 2.3018E-16 4.2083E-16 7.8556E-17
Na23 5.1734E-04 4.3349E-04 5.3306E-04 1.6630E-03 6.2121E-06 3.4480E-05 4.5679E-05 6.2200E-05 9.7495E-05
Na24 1.0105E-07 4.5558E-08 3.4592E-07 6.9082E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 1.7903E-13 1.0271E-15 6.5200E-15 1.0991E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 3.2700E-02 1.5065E-02 4.8290E-02 1.1730E-01 3.2586E-05 1.8376E-04 2.4484E-04 3.2302E-04 4.8945E-04
Mg25 6.7737E-04 1.3521E-03 1.5856E-03 6.1381E-03 2.5672E-06 1.4067E-05 1.7774E-05 2.4085E-05 4.4643E-05
Mg26 6.6832E-04 8.6076E-04 1.4243E-03 6.5410E-03 4.0027E-06 2.1522E-05 2.6550E-05 3.2822E-05 4.3371E-05
Mg27 5.2657E-12 6.4511E-14 2.0050E-13 3.6233E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 9.0262E-17 1.6279E-15 2.5411E-17 1.1648E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 3.1852E-05 4.2898E-05 7.9455E-05 1.3541E-04 5.8772E-08 4.0866E-07 1.0665E-06 2.5011E-06 9.5901E-06
Alg6 9.4606E-08 1.5067E-07 2.2037E-07 2.1496E-06 5.8772E-08 4.0866E-07 1.0665E-06 2.5011E-06 9.5901E-06
Alm6 3.7181E-17 5.3699E-13 9.8413E-15 1.1742E-12 0.0000E+00 1.1481E-23 4.9407E-23 7.6699E-23 3.5522E-23
Al27 1.3651E-03 5.9173E-04 2.4672E-03 7.4473E-03 3.9806E-06 2.4447E-05 3.7774E-05 5.9705E-05 1.4132E-04
Al28 1.0125E-11 2.9388E-16 5.8746E-14 1.5837E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 1.8607E-16 2.7077E-20 1.5919E-19 8.6727E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 7.6889E-02 1.9806E-01 2.0622E-01 2.1573E-01 5.1506E-05 2.8902E-04 3.8285E-04 5.0605E-04 7.8427E-04
Si29 5.2572E-04 4.4650E-04 1.5680E-03 2.9924E-03 2.6887E-06 1.4968E-05 1.9610E-05 2.5614E-05 3.8094E-05
Si30 5.3165E-04 2.2160E-04 1.8156E-03 3.9629E-03 1.8515E-06 1.0469E-05 1.4018E-05 1.8766E-05 3.0419E-05
Si31 1.5155E-09 3.8411E-10 4.4593E-09 3.5692E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 1.0924E-10 8.4930E-11 4.6925E-10 2.9745E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 3.4903E-20 2.0635E-20 4.5153E-20 2.3642E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 1.7560E-12 6.1345E-15 4.7837E-13 3.5305E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 1.9277E-04 3.8620E-04 6.3772E-04 1.0508E-03 1.9065E-07 1.0729E-06 1.4245E-06 1.9049E-06 3.1565E-06
P32 7.0789E-08 1.3459E-07 2.2019E-07 7.9309E-07 0.0000E+00 1.9395E-32 6.7181E-33 2.2687E-30 2.2377E-29
P33 3.4021E-08 1.3373E-07 1.5172E-07 3.2021E-07 0.0000E+00 0.0000E+00 3.9506E-47 0.0000E+00 0.0000E+00
P34 3.1900E-19 3.4917E-22 1.2827E-20 4.8587E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
S31 6.5387E-21 7.7694E-27 1.3017E-24 5.3692E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 2.7357E-02 2.0196E-01 8.1073E-02 6.9253E-02 2.1422E-05 1.1989E-04 1.5821E-04 2.0783E-04 3.1295E-04
S33 1.5028E-04 1.0032E-03 4.7076E-04 5.8677E-04 1.7686E-07 1.0176E-06 1.3890E-06 1.9818E-06 3.9993E-06
S34 4.0404E-04 7.0045E-04 1.6273E-03 2.2816E-03 1.0286E-06 5.7630E-06 7.6182E-06 1.0062E-05 1.5675E-05
S35 2.5455E-08 5.3497E-07 1.2481E-07 3.2931E-07 0.0000E+00 2.6265E-31 8.8733E-32 1.9902E-29 1.5754E-28
S36 2.6240E-08 1.3779E-07 7.7449E-08 2.1442E-07 5.0772E-09 2.8424E-08 3.7520E-08 4.9328E-08 7.4587E-08
S37 1.6825E-18 9.4787E-21 8.4227E-20 3.1921E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 4.1534E-23 4.4949E-23 3.3446E-23 2.5398E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 3.5190E-24 3.3974E-25 1.3770E-24 1.1857E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 3.8059E-05 7.1733E-04 1.3822E-04 1.8641E-04 2.0041E-07 1.1210E-06 1.4784E-06 1.9390E-06 2.9024E-06
Cl36 1.4079E-07 3.0063E-06 4.8859E-07 8.6893E-07 4.6057E-15 4.4581E-10 1.4159E-09 4.3808E-09 2.0792E-08
Cl37 1.5956E-06 6.1908E-06 2.8909E-06 3.9041E-06 6.7716E-08 3.9727E-07 5.5100E-07 8.1695E-07 1.8278E-06
Cl38 8.8069E-14 1.6654E-12 1.9673E-12 3.7822E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 5.2687E-03 5.9242E-02 1.5996E-02 1.2504E-02 4.0923E-06 2.2890E-05 3.0189E-05 3.9597E-05 5.9250E-05
Ar37 1.1800E-05 3.3788E-04 3.7423E-05 3.9608E-05 5.9346E-26 1.4186E-24 4.6276E-23 3.1702E-22 2.8083E-20
Ar38 1.7966E-04 1.7979E-03 7.0928E-04 9.6237E-04 7.8536E-07 4.3961E-06 5.8031E-06 7.6308E-06 1.1568E-05
Ar39 8.1744E-08 3.8932E-07 7.8101E-08 2.3552E-07 2.8671E-31 6.7107E-26 5.9490E-25 3.5960E-24 3.1776E-23
Ar40 5.7995E-08 1.0310E-07 5.0462E-08 1.1686E-07 1.3222E-09 7.4040E-09 9.7787E-09 1.2891E-08 1.9990E-08
Ar41 1.7284E-13 6.2251E-13 2.6371E-11 7.0787E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 1.3741E-30 3.6151E-30 6.7556E-31 2.8796E-30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 7.8174E-14 5.5898E-18 5.3232E-14 1.2422E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 3.0906E-05 1.5546E-03 9.5610E-05 1.2224E-04 9.2996E-08 5.2130E-07 6.8908E-07 9.0943E-07 1.3997E-06
K40 3.8853E-08 1.3056E-06 8.9750E-08 1.5564E-07 1.4999E-10 1.3029E-09 2.3851E-09 5.4254E-09 2.2961E-08
K41 7.0634E-08 3.3533E-07 1.2702E-07 2.4253E-07 7.0555E-09 3.9720E-08 5.2830E-08 7.1057E-08 1.2082E-07
K42 1.6812E-10 1.1186E-09 5.0942E-09 2.8799E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 4.9119E-03 6.8613E-02 1.5264E-02 1.1205E-02 4.5382E-06 2.5391E-05 3.3495E-05 4.3962E-05 6.5952E-05
Ca41 3.3212E-06 3.4367E-04 9.8254E-06 1.0483E-05 1.5557E-13 8.3613E-09 2.1111E-08 5.9475E-08 2.4102E-07
Ca42 6.1241E-06 1.5667E-04 2.2368E-05 3.0472E-05 3.1802E-08 1.8300E-07 2.5062E-07 3.6282E-07 7.8112E-07
Ca43 2.3535E-07 1.8273E-06 3.0854E-07 4.2916E-07 6.7936E-09 3.8758E-08 5.2732E-08 7.5671E-08 1.6707E-07
Ca44 9.2992E-07 1.6784E-06 1.4932E-06 2.1986E-06 1.0742E-07 6.0178E-07 7.9560E-07 1.0532E-06 1.6946E-06
Ca45 3.5786E-08 5.9577E-08 7.4857E-08 1.9321E-07 0.0000E+00 1.3481E-30 4.5547E-31 1.1889E-28 1.3361E-27
Ca46 1.3667E-08 3.8119E-08 3.7704E-08 6.9967E-08 2.1534E-10 1.2049E-09 1.5896E-09 2.0868E-09 3.1344E-09
Ca47 4.8674E-11 1.2813E-09 2.1819E-09 2.1884E-09 0.0000E+00 4.6318E-35 1.6366E-35 2.4325E-33 9.2829E-33
Ca48 3.1617E-08 3.6187E-08 4.7010E-08 5.8888E-08 1.0505E-08 5.8803E-08 7.7614E-08 1.0202E-07 1.5408E-07
Ca49 1.3653E-17 5.3520E-19 6.7536E-19 7.5634E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 2.9039E-43 4.7523E-43 4.8957E-44 1.4305E-43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 1.3739E-36 1.3414E-38 1.0272E-37 2.6375E-37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 2.4626E-08 4.1022E-07 2.1660E-08 3.0062E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 9.6508E-10 1.7342E-07 2.1072E-09 2.2497E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 1.8826E-07 6.0040E-06 5.1607E-07 5.5526E-07 1.5189E-09 8.7066E-09 1.1776E-08 1.6690E-08 3.8393E-08
Sc46 1.3173E-08 1.6757E-08 2.9671E-08 5.3925E-08 0.0000E+00 3.5994E-31 1.2717E-31 9.5268E-29 1.4979E-27
Sc47 7.2650E-10 3.6051E-09 2.0320E-08 9.7365E-09 0.0000E+00 3.7364E-35 1.2474E-35 1.8541E-33 7.0747E-33
Sc48 1.0925E-10 1.7887E-10 6.0015E-09 6.8051E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 8.3493E-14 5.8315E-14 1.2750E-11 6.5580E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 2.9618E-05 9.7291E-05 3.9793E-05 4.5042E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 3.2354E-08 1.6828E-06 1.0339E-07 9.8168E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 3.6777E-06 9.6565E-05 1.1898E-05 1.6885E-05 1.6126E-08 9.0414E-08 1.1963E-07 1.5864E-07 2.5869E-07
Ti47 4.3970E-07 4.1741E-06 6.4884E-07 1.0284E-06 1.4858E-08 8.3050E-08 1.0953E-07 1.4379E-07 2.1936E-07
Ti48 4.9021E-07 1.0059E-06 8.5431E-07 1.2969E-06 1.5036E-07 8.4022E-07 1.1072E-06 1.4495E-06 2.1609E-06
Ti49 1.5131E-07 2.3509E-07 3.2845E-07 7.5150E-07 1.1264E-08 6.4247E-08 8.6003E-08 1.1666E-07 1.9230E-07
Ti50 3.2279E-07 5.5395E-07 7.1709E-07 2.7503E-06 1.1005E-08 6.2355E-08 8.3655E-08 1.1489E-07 2.0944E-07
Ti51 1.1037E-15 3.2203E-17 3.0769E-16 2.1874E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 1.9792E-44 1.8247E-51 1.9806E-50 1.0725E-45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 1.9178E-47 7.6131E-57 2.4140E-54 4.8313E-49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
V47 8.8813E-11 5.5510E-10 1.0527E-10 1.5011E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 1.5534E-08 1.2501E-06 4.3312E-08 5.1689E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 1.6671E-06 6.9048E-06 2.8853E-06 2.2078E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 9.2817E-10 1.0710E-08 1.3045E-08 2.1007E-08 2.5422E-11 1.4196E-10 1.8699E-10 2.4453E-10 3.6283E-10
V51 4.4786E-08 1.0317E-07 1.4512E-07 3.8353E-07 1.0347E-08 5.7938E-08 7.6448E-08 1.0039E-07 1.5112E-07
V52 6.5657E-16 9.0107E-18 1.4220E-16 9.2947E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 7.4798E-05 9.6100E-05 1.0259E-04 1.0391E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 3.5738E-09 1.1978E-08 6.0325E-09 4.6936E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 7.9714E-06 1.2455E-04 2.1038E-05 2.6645E-05 2.2660E-08 1.2653E-07 1.6666E-07 2.1794E-07 3.2334E-07
Cr51 2.4619E-06 9.9367E-06 3.9429E-06 2.9230E-06 1.2514E-26 1.8772E-25 8.2890E-24 4.7309E-23 1.7388E-21
Cr52 1.9674E-06 4.8112E-06 3.5624E-06 5.2975E-06 4.5447E-07 2.5429E-06 3.3550E-06 4.4041E-06 6.6110E-06
Cr53 1.4914E-07 1.7577E-07 2.2559E-07 3.6437E-07 5.2525E-08 2.9374E-07 3.8753E-07 5.0857E-07 7.6276E-07
Cr54 1.6448E-07 1.9491E-07 2.5389E-07 5.8855E-07 1.3321E-08 7.6165E-08 1.0284E-07 1.4310E-07 2.6505E-07
Cr55 1.5832E-15 6.9090E-18 6.5691E-17 2.0665E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 2.7918E-59 1.0685E-59 1.4603E-59 6.2008E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 6.4001E-09 1.3655E-08 9.4113E-09 6.1447E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 1.1915E-04 1.9774E-04 1.9327E-04 1.5412E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 3.0470E-05 5.5172E-05 5.0211E-05 3.7624E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 2.8461E-09 5.4673E-08 1.2942E-08 3.2077E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 9.5148E-07 1.1131E-06 1.4124E-06 1.7204E-06 3.5373E-07 1.9879E-06 2.6276E-06 3.4610E-06 5.2046E-06
Mn56 9.7199E-11 5.2835E-11 7.0459E-10 3.8394E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 5.6380E-20 5.9974E-25 1.5815E-22 1.5285E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 3.6013E-04 5.8947E-04 5.8462E-04 4.6214E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 1.4083E-14 8.2087E-19 1.5430E-14 3.0566E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 4.8758E-04 1.7287E-03 1.2426E-03 9.3080E-04 2.3850E-06 1.3323E-05 1.7553E-05 2.2965E-05 3.4104E-05
Fe55 2.0648E-05 8.0284E-05 3.7738E-05 3.2304E-05 1.4915E-19 1.2501E-15 1.8503E-13 2.5542E-12 5.7213E-11
Fe56 1.0874E-04 1.6938E-04 1.6557E-04 2.0513E-04 3.8826E-05 2.1722E-04 2.8653E-04 3.7594E-04 5.6330E-04
Fe57 4.1046E-06 4.2264E-06 5.4861E-06 5.8851E-06 9.1267E-07 5.1726E-06 6.9076E-06 9.3136E-06 1.5042E-05
Fe58 6.5639E-06 6.3373E-06 7.5871E-06 7.2565E-06 1.2359E-07 7.6566E-07 1.1466E-06 1.9786E-06 5.9674E-06
Fe59 2.4645E-07 4.2157E-07 5.2471E-07 7.5473E-07 0.0000E+00 5.0903E-30 2.1149E-30 2.2149E-27 2.1204E-26
Fe60 9.9520E-08 2.5366E-07 3.3799E-07 3.4137E-07 3.5445E-19 4.6765E-14 3.3483E-13 1.7058E-12 2.3863E-11
Fe61 7.1608E-16 1.0132E-17 7.1848E-17 1.4042E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 8.8946E-60 1.0685E-59 1.4603E-59 2.1716E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 9.1788E-05 1.3999E-04 1.5122E-04 9.4770E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 9.2714E-07 4.0527E-06 1.3415E-06 1.3045E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 1.2701E-04 1.1757E-04 1.1414E-04 1.2121E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 4.8048E-08 2.3126E-07 4.2074E-08 2.3448E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 2.5246E-06 2.3256E-06 2.9810E-06 2.6830E-06 1.3777E-07 7.8098E-07 1.0539E-06 1.4762E-06 2.9581E-06
Co60 2.9024E-07 2.0245E-07 2.3155E-07 4.3809E-07 6.8517E-25 8.5015E-20 6.0447E-19 3.0718E-18 4.2963E-17
Co61 2.8244E-10 7.4530E-11 1.4605E-08 7.7508E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 7.0000E-02 7.0000E-02 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.4356E-03 2.0401E-03 2.1983E-03 2.2906E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 4.1002E-03 4.5025E-03 4.2950E-03 4.1169E-03 1.5658E-06 8.7484E-06 1.1526E-05 1.5080E-05 2.2401E-05
Ni59 1.2085E-04 6.8344E-05 1.0128E-04 1.0516E-04 1.5724E-13 4.8264E-09 9.0288E-09 1.9286E-08 4.9265E-08
Ni60 1.6196E-03 1.4628E-03 1.5821E-03 1.6864E-03 6.2394E-07 3.5006E-06 4.6372E-06 6.1651E-06 9.9694E-06
Ni61 4.1093E-05 3.3354E-05 3.5470E-05 4.0929E-05 2.7574E-08 1.5942E-07 2.1805E-07 3.1633E-07 7.3366E-07
Ni62 1.5229E-05 1.3969E-05 1.6617E-05 1.7913E-05 8.9359E-08 5.0634E-07 6.8028E-07 9.4366E-07 1.9214E-06
Ni63 1.0018E-06 9.3877E-07 1.1021E-06 1.9817E-06 1.9848E-33 3.0613E-26 2.1789E-25 5.9434E-24 4.4771E-23
Ni64 2.1755E-06 3.4446E-06 4.1069E-06 6.5711E-06 2.3492E-08 1.3221E-07 1.7597E-07 2.3896E-07 4.7087E-07
Ni65 6.0244E-11 2.3157E-10 2.8671E-08 1.3027E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 8.8946E-60 1.0685E-59 1.4603E-59 2.1716E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 5.3105E-35 2.6361E-45 1.8233E-40 3.4608E-36 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 8.9695E-20 2.4091E-22 3.2707E-22 1.1835E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 3.4128E-08 3.1063E-08 3.2952E-08 3.7699E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Cu61 3.1467E-05 2.5368E-05 2.6752E-05 3.1023E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 4.2084E-07 3.5717E-07 3.5646E-07 3.8519E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 4.7964E-06 2.2802E-05 5.0829E-06 2.9456E-06 1.6127E-08 9.2660E-08 1.2666E-07 1.8568E-07 4.8721E-07
Cu64 1.2083E-08 2.9514E-08 9.6370E-08 6.9337E-08 0.0000E+00 3.0221E-32 1.4739E-32 1.4377E-29 2.3539E-28
Cu65 7.9907E-07 1.3978E-06 2.5853E-06 3.4721E-06 7.4164E-09 4.2544E-08 5.8000E-08 8.5749E-08 2.6360E-07
Cu66 3.6225E-14 8.4834E-16 3.9296E-15 1.6569E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 1.9651E-21 7.1718E-25 8.2355E-24 1.6952E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 2.1642E-22 4.5734E-30 7.1524E-25 2.7562E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 5.9516E-04 5.3985E-04 5.6750E-04 5.6528E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 6.0856E-09 3.0960E-08 4.7796E-09 2.8722E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 1.8994E-05 3.9579E-05 1.8236E-05 1.5104E-05 2.7002E-08 1.5176E-07 2.0174E-07 2.7241E-07 5.0515E-07
Zn65 6.5786E-07 6.9676E-07 7.7340E-07 8.3644E-07 4.3334E-31 2.4404E-27 9.0689E-27 4.0446E-25 1.6861E-23
Zn66 3.4075E-06 3.7571E-06 7.0912E-06 7.9770E-06 1.5975E-08 8.9658E-08 1.1889E-07 1.5964E-07 3.0150E-07
Zn67 1.9093E-07 2.9456E-07 5.2554E-07 1.1024E-06 2.3832E-09 1.3402E-08 1.7802E-08 2.4075E-08 4.8440E-08
Zn68 9.7089E-07 1.7118E-06 3.3244E-06 7.9682E-06 1.1062E-08 6.2114E-08 8.2335E-08 1.1025E-07 2.0527E-07
Zn69 7.1460E-12 3.2150E-11 1.1120E-09 1.7441E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 1.1711E-09 2.1253E-09 6.7023E-07 3.7431E-08 3.7652E-10 2.1047E-09 2.7742E-09 3.6329E-09 5.4074E-09
Zn71 5.6238E-18 7.8241E-23 5.9207E-22 2.1311E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 8.8946E-60 1.0685E-59 1.4603E-59 2.1716E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 1.3027E-28 4.7928E-36 2.6819E-34 1.8667E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 4.4325E-23 5.1079E-31 2.5852E-25 6.6161E-25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 1.1441E-13 1.2286E-13 9.3828E-14 1.3033E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 6.1391E-06 5.8814E-06 5.3682E-06 5.5504E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 2.4608E-08 3.3679E-08 6.5670E-08 5.8199E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 4.8983E-11 2.4946E-11 3.3673E-10 3.8747E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 1.4351E-07 2.6003E-07 7.5465E-07 1.4687E-06 1.0866E-09 6.1185E-09 8.1273E-09 1.0961E-08 2.1575E-08
Ga70 5.6911E-13 2.5155E-13 5.9501E-12 1.1542E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 1.0900E-07 1.8068E-07 4.8230E-07 8.8975E-07 7.4210E-10 4.1808E-09 5.5613E-09 7.5147E-09 1.4750E-08
Ga72 9.5513E-11 1.3824E-09 8.8373E-08 1.8324E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 1.8045E-29 1.3726E-40 3.9630E-33 4.6802E-32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 1.8568E-37 6.4563E-45 9.3796E-38 1.8825E-34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.2030E-06 1.1527E-06 1.0514E-06 1.0906E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 1.3499E-14 5.8665E-15 1.0267E-14 1.1132E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 4.3268E-08 3.5679E-08 7.3541E-08 7.4056E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 1.1356E-09 1.6146E-09 8.8447E-09 6.5415E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 2.4683E-07 4.4071E-07 1.6448E-06 2.9005E-06 1.5570E-09 8.7590E-09 1.1629E-08 1.5630E-08 2.9716E-08
Ge71 1.2087E-08 3.9949E-08 1.0003E-07 3.3634E-07 0.0000E+00 2.8838E-32 1.0085E-32 4.5845E-30 1.0510E-28
Ge72 2.1932E-07 4.1985E-07 9.6985E-07 2.8950E-06 2.1164E-09 1.1865E-08 1.5704E-08 2.0861E-08 3.5543E-08
Ge73 6.1855E-08 1.2189E-07 1.9019E-07 7.8910E-07 6.0229E-10 3.3755E-09 4.4662E-09 5.9263E-09 9.9823E-09
Ge74 3.3084E-07 6.6576E-07 1.0952E-06 4.3964E-06 2.8655E-09 1.6067E-08 2.1256E-08 2.8187E-08 4.6689E-08
Ge75 3.5028E-12 1.6325E-11 8.9190E-10 4.7302E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 1.6234E-09 2.3257E-09 2.6644E-07 5.9178E-08 6.1732E-10 3.4506E-09 4.5480E-09 5.9553E-09 8.8636E-09
Ge77 1.6089E-13 1.7575E-12 3.9739E-08 2.0377E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 3.2792E-11 1.1113E-10 4.4906E-10 4.9196E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 5.4584E-11 1.4604E-10 1.1543E-09 1.1661E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 9.7179E-10 2.7919E-09 3.6833E-08 7.1093E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 1.3888E-10 1.8154E-10 7.0234E-09 1.6516E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 3.4464E-08 7.2425E-08 2.7723E-07 9.0337E-07 3.5756E-10 2.0028E-09 2.6470E-09 3.4989E-09 5.6540E-09
As76 1.9406E-10 1.0792E-09 9.3187E-09 9.0896E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 2.3658E-10 2.3335E-09 5.5117E-08 2.0007E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 4.6896E-09 1.4199E-08 2.0510E-07 4.1638E-07 3.4429E-11 1.9207E-10 2.5297E-10 3.3071E-10 4.9031E-10
Se75 6.5879E-10 1.5689E-09 3.2770E-08 6.0830E-08 0.0000E+00 1.8620E-32 6.2640E-33 6.0963E-31 1.2675E-30
Se76 7.6030E-08 1.4884E-07 5.5422E-07 1.6256E-06 3.7226E-10 2.0944E-09 2.7780E-09 3.7131E-09 6.4554E-09
Se77 2.8636E-08 5.8648E-08 8.7775E-08 3.8274E-07 3.0713E-10 1.7205E-09 2.2738E-09 3.0044E-09 4.8158E-09
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Se78 1.7022E-07 3.5922E-07 5.4627E-07 2.7761E-06 9.6923E-10 5.4458E-09 7.2176E-09 9.6110E-09 1.6078E-08
Se79 3.3347E-08 6.6485E-08 7.3197E-08 5.4012E-07 1.5174E-21 1.5890E-16 9.5803E-16 4.8170E-15 1.5655E-13
Se80 1.5732E-07 3.2199E-07 3.6355E-07 2.0404E-06 2.0747E-09 1.1589E-08 1.5267E-08 1.9971E-08 2.9673E-08
Se81 3.6438E-15 6.6447E-16 7.2445E-14 1.5147E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.0048E-09 1.1390E-09 8.8849E-08 4.5366E-08 3.7421E-10 2.0933E-09 2.7607E-09 3.6210E-09 5.4164E-09
Se83 2.0888E-17 1.9975E-17 3.0613E-13 6.3235E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 2.2777E-14 6.2790E-14 3.2019E-13 3.8033E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 5.9822E-12 2.5128E-11 1.7135E-10 2.1611E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 7.1342E-11 2.3741E-10 3.3389E-09 5.6546E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 1.6856E-16 1.6016E-19 1.2545E-15 8.6581E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 2.9993E-09 6.9459E-09 5.7834E-08 2.0246E-07 3.3180E-10 1.8543E-09 2.4465E-09 3.2147E-09 4.9356E-09
Br80 3.5327E-14 1.8093E-14 1.3041E-12 1.1498E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 2.6310E-08 5.6567E-08 1.1004E-07 5.5630E-07 3.3092E-10 1.8507E-09 2.4386E-09 3.1942E-09 4.7777E-09
Br82 2.2881E-11 1.6047E-10 2.8088E-09 3.2608E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 7.3866E-12 1.2725E-11 5.5578E-09 1.9865E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 2.9281E-10 1.6149E-09 1.6259E-08 4.9897E-08 1.1998E-11 6.6933E-11 8.8158E-11 1.1524E-10 1.7087E-10
Kr79 3.8651E-11 1.6266E-10 1.7642E-09 3.7951E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 4.5349E-09 1.7150E-08 1.5173E-07 5.3937E-07 7.9068E-11 4.4922E-10 6.0104E-10 8.2200E-10 1.5838E-09
Kr81 1.5493E-09 8.1629E-09 1.9395E-08 6.0083E-08 3.7726E-17 2.5238E-12 7.2197E-12 2.3238E-11 1.7408E-10
Kr82 8.0826E-08 2.0501E-07 2.5989E-07 1.3591E-06 4.0611E-10 2.2954E-09 3.0539E-09 4.1045E-09 7.0618E-09
Kr83 2.8183E-08 7.0509E-08 1.0840E-07 6.2409E-07 4.0722E-10 2.2806E-09 3.0143E-09 3.9777E-09 6.2069E-09
Kr84 1.4222E-07 3.1441E-07 4.6529E-07 3.7234E-06 2.0311E-09 1.1375E-08 1.5031E-08 1.9825E-08 3.0736E-08
Kr85 4.1873E-08 6.4689E-08 9.7804E-08 7.9842E-07 0.0000E+00 1.1678E-29 4.7603E-30 8.0658E-28 6.1291E-27
Kr86 8.1363E-08 2.7188E-07 2.2341E-07 1.4729E-06 6.2884E-10 3.5195E-09 4.6444E-09 6.1017E-09 9.1961E-09
Kr87 1.1568E-15 7.1381E-15 1.5302E-11 3.5191E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 1.9419E-18 1.0505E-19 2.5720E-17 7.2991E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 1.3252E-26 2.2320E-33 4.2298E-24 5.8694E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 4.0773E-13 3.3779E-12 1.6564E-11 2.5787E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 6.9164E-13 3.9353E-12 3.0129E-11 5.2747E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 4.0790E-11 2.9552E-10 3.0114E-09 8.6291E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 7.9911E-12 3.2036E-11 5.8507E-10 1.5916E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 1.2533E-08 3.2746E-08 9.4467E-08 6.2866E-07 4.7647E-10 2.6664E-09 3.5205E-09 4.6338E-09 7.1061E-09
Rb86 2.1232E-09 8.2940E-09 2.5871E-08 2.0288E-07 0.0000E+00 4.5660E-32 1.5556E-32 2.8671E-30 2.1799E-29
Rb87 1.9755E-08 6.1953E-08 1.2814E-07 9.7727E-07 2.0068E-10 1.1229E-09 1.4815E-09 1.9450E-09 2.9228E-09
Rb88 1.0969E-16 6.1565E-17 2.0542E-14 1.9893E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 2.5466E-10 2.8267E-09 2.4191E-08 2.0380E-07 8.3027E-12 4.6316E-11 6.1004E-11 7.9749E-11 1.1824E-10
Sr85 2.3547E-11 2.6548E-10 2.0078E-09 1.2694E-08 0.0000E+00 2.5294E-33 8.5370E-34 8.2979E-32 1.7279E-31
Sr86 4.0442E-08 1.0711E-07 1.6270E-07 1.3982E-06 1.5032E-10 8.6283E-10 1.1644E-09 1.6222E-09 3.1313E-09
Sr87 2.9939E-08 6.6491E-08 9.0129E-08 9.3666E-07 1.0630E-10 6.0558E-10 8.1467E-10 1.1253E-09 2.1040E-09
Sr88 2.7791E-07 5.6896E-07 7.1188E-07 1.2049E-05 1.2888E-09 7.2383E-09 9.6007E-09 1.2812E-08 2.1224E-08
Sr89 4.2245E-09 1.2714E-08 3.5654E-08 4.5799E-07 0.0000E+00 5.6589E-33 1.9536E-33 6.6057E-31 7.3060E-30
Sr90 1.4448E-09 3.3672E-09 1.8574E-08 1.4909E-07 0.0000E+00 0.0000E+00 2.0168E-45 0.0000E+00 7.7869E-27
Sr91 1.0388E-14 7.7847E-14 3.2496E-10 5.3311E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 1.1871E-15 2.0645E-13 5.0009E-14 2.3150E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 5.2441E-14 2.8578E-12 1.7914E-12 4.3580E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 3.1639E-12 6.0673E-11 1.9326E-10 8.7126E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 7.5695E-12 6.7623E-11 4.6174E-10 2.4626E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 6.0261E-08 1.3068E-07 1.2569E-07 2.5447E-06 3.4491E-10 1.9336E-09 2.5583E-09 3.3904E-09 5.4470E-09
Y90 1.1829E-11 2.6782E-11 6.3041E-10 3.8949E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 1.9656E-11 4.2499E-11 5.9647E-09 8.8790E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 4.6058E-08 1.2272E-07 8.5843E-08 2.3402E-06 4.2065E-10 2.3555E-09 3.1108E-09 4.0985E-09 6.3409E-09
Zr91 1.0951E-08 2.8127E-08 1.4632E-08 4.6833E-07 9.2756E-11 5.1957E-10 6.8642E-10 9.0496E-10 1.4014E-09
Zr92 1.6983E-08 4.6539E-08 2.0249E-08 8.1095E-07 1.4334E-10 8.0328E-10 1.0617E-09 1.4011E-09 2.1711E-09
Zr93 4.6467E-09 1.3378E-08 5.2142E-09 2.1221E-07 1.7639E-17 8.7740E-13 2.2309E-12 6.5537E-12 3.4970E-11
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Zr94 1.3169E-08 4.0479E-08 1.1710E-08 5.4240E-07 1.4842E-10 8.3099E-10 1.0977E-09 1.4465E-09 2.2230E-09
Zr95 8.0316E-10 2.2594E-09 1.8999E-09 7.5060E-08 0.0000E+00 5.1763E-33 1.7466E-33 3.4267E-31 2.3746E-30
Zr96 1.0508E-09 1.4107E-09 3.5274E-09 1.3369E-07 0.0000E+00 0.0000E+00 2.1295E-45 0.0000E+00 6.8652E-31
Zr97 6.9291E-16 5.7345E-15 8.6767E-12 3.7317E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 4.6614E-12 1.0309E-10 1.5034E-10 5.8848E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 4.3293E-13 3.1460E-12 1.7302E-11 8.0916E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 1.6027E-10 1.8364E-10 3.1583E-10 5.3800E-09 6.4091E-11 3.5763E-10 4.7106E-10 6.1600E-10 9.1441E-10
Nb94 7.2135E-14 1.0365E-13 2.8614E-12 1.6227E-10 2.3512E-27 7.5429E-23 1.6432E-22 2.4214E-22 2.6824E-22
Nb95 2.6886E-10 4.7220E-10 6.9062E-11 5.6124E-09 0.0000E+00 2.8415E-33 9.5470E-34 1.8732E-31 1.2967E-30
Nb96 1.3831E-13 1.0447E-13 8.3110E-13 2.9102E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 2.6111E-15 8.6398E-16 8.3135E-13 2.3900E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 9.9463E-11 1.7218E-10 5.9033E-10 3.0546E-08 2.4222E-11 1.3521E-10 1.7809E-10 2.3284E-10 3.4535E-10
Mo93 1.6331E-12 2.3087E-12 2.3577E-11 1.4280E-09 5.4086E-26 1.8825E-21 3.5769E-20 1.0803E-19 4.3508E-19
Mo94 6.1886E-11 6.7527E-11 3.8790E-10 2.0931E-08 1.5592E-11 8.7381E-11 1.1506E-10 1.5055E-10 2.2386E-10
Mo95 6.1409E-10 1.8522E-09 3.2641E-10 1.1506E-08 2.7273E-11 1.5256E-10 2.0121E-10 2.6410E-10 3.9865E-10
Mo96 2.1324E-09 7.7350E-09 1.2885E-09 6.0438E-08 5.3430E-11 2.9916E-10 3.9475E-10 5.1873E-10 7.8618E-10
Mo97 7.3434E-10 2.7795E-09 4.2755E-10 1.9677E-08 1.6877E-11 9.4530E-11 1.2476E-10 1.6402E-10 2.4895E-10
Mo98 2.3818E-09 9.4846E-09 1.3985E-09 7.0960E-08 4.3328E-11 2.4300E-10 3.2110E-10 4.2316E-10 6.4717E-10
Xe132 4.5211E-09 1.6404E-08 2.9654E-09 1.6920E-07 1.4533E-10 8.1336E-10 1.0735E-09 1.4106E-09 2.1298E-09
Xe133 5.1618E-11 3.3823E-10 3.4360E-10 1.3175E-08 0.0000E+00 8.7477E-34 3.0724E-34 4.9211E-32 2.3363E-31
Xe134 4.1803E-10 7.1512E-10 9.1534E-10 3.9226E-08 5.4475E-11 3.0452E-10 4.0140E-10 5.2570E-10 7.8274E-10
Xe135 4.2740E-14 1.4042E-13 9.1957E-11 2.2253E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 6.3583E-10 1.9880E-09 3.4794E-10 1.6624E-08 3.8210E-11 2.1347E-10 2.8147E-10 3.6891E-10 5.5190E-10
Cs134 1.5701E-10 5.0127E-10 4.0129E-11 3.4415E-09 0.0000E+00 2.8242E-31 9.4666E-32 1.2327E-29 4.5185E-29
Cs135 7.0484E-10 1.1074E-09 2.5003E-10 2.0545E-08 1.0467E-18 4.4381E-14 7.5347E-14 1.7936E-13 5.6235E-13
Cs136 6.6592E-11 1.2248E-10 8.2601E-11 6.5283E-09 0.0000E+00 1.3614E-35 3.5181E-36 1.9644E-33 9.2362E-33
Cs137 3.4847E-10 2.0404E-10 2.1967E-10 3.0003E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.6077E-30
Cs138 8.9744E-21 1.5054E-19 8.8903E-18 4.0335E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 8.6536E-10 4.2950E-09 5.4474E-10 3.2259E-08 1.1713E-11 6.6426E-11 8.8388E-11 1.1849E-10 1.9080E-10
Ba135 3.7037E-10 1.7540E-09 2.7711E-10 1.0045E-08 3.2185E-11 1.7992E-10 2.3733E-10 3.1135E-10 4.6716E-10
Ba136 3.2824E-09 1.2691E-08 1.7103E-09 1.1100E-07 3.8632E-11 2.1794E-10 2.8968E-10 3.8708E-10 6.1544E-10
Ba137 2.3836E-09 9.4372E-09 1.2617E-09 7.3139E-08 5.5653E-11 3.1211E-10 4.1306E-10 5.4639E-10 8.4342E-10
Ba138 1.0419E-08 4.6978E-08 6.9220E-09 4.1344E-07 3.5786E-10 2.0055E-09 2.6516E-09 3.5027E-09 5.4331E-09
Ba139 3.6986E-16 4.6423E-15 2.6191E-14 2.2180E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.2808E-13 1.5621E-13 2.4926E-13 4.5111E-12 3.7778E-14 2.1147E-13 2.7917E-13 3.6705E-13 5.5514E-13
La139 9.1123E-10 4.3117E-09 6.2916E-10 3.4709E-08 4.1776E-11 2.3401E-10 3.0918E-10 4.0770E-10 6.2856E-10
La140 3.7894E-15 7.4194E-14 5.5942E-13 1.3269E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 1.3011E-09 6.2372E-09 1.1359E-09 4.0996E-08 1.1249E-10 6.2991E-10 8.3177E-10 1.0948E-09 1.6700E-09
Ce141 1.7297E-11 1.1653E-10 3.9196E-11 5.1480E-09 0.0000E+00 6.0981E-34 2.0545E-34 3.7342E-32 2.2106E-31
Pr141 1.2663E-10 4.7439E-10 1.2315E-10 2.2697E-09 1.7682E-11 9.8858E-11 1.3040E-10 1.7112E-10 2.5781E-10
Pr142 6.3980E-15 1.6185E-13 1.8239E-12 9.7835E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 2.6992E-10 1.2927E-09 3.2872E-10 6.1504E-09 2.4136E-11 1.3532E-10 1.7885E-10 2.3592E-10 3.6223E-10
Nd143 5.0447E-11 1.8734E-10 5.5961E-11 6.3118E-10 1.0806E-11 6.0369E-11 7.9596E-11 1.0434E-10 1.5636E-10
Nd144 1.2171E-10 5.0646E-10 1.3115E-10 1.8749E-09 2.1476E-11 1.2015E-10 1.5851E-10 2.0814E-10 3.1388E-10
Hg202 1.5825E-10 7.3484E-10 1.7643E-10 3.0501E-09 2.1318E-11 1.1953E-10 1.5794E-10 2.0818E-10 3.1801E-10
Hg203 2.7652E-13 5.0941E-12 1.0558E-11 1.4735E-10 0.0000E+00 1.1885E-33 4.0473E-34 7.7705E-32 4.0315E-31
Hg204 1.3573E-11 1.7816E-11 4.4975E-11 1.7725E-10 4.9533E-12 2.7669E-11 3.6450E-11 4.7681E-11 7.0794E-11
Hg205 4.4038E-20 1.0497E-21 3.7207E-20 7.5049E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 7.2969E-11 2.9897E-10 7.7867E-11 1.3863E-09 1.1376E-11 6.3709E-11 8.4147E-11 1.1076E-10 1.6833E-10
Tl204 1.1145E-11 5.4044E-11 4.8930E-12 2.6137E-10 0.0000E+00 4.8361E-32 1.6519E-32 2.9071E-30 1.4446E-29
Tl205 1.1131E-10 3.1898E-10 1.5577E-10 1.2037E-09 2.7422E-11 1.5353E-10 2.0276E-10 2.6691E-10 4.0576E-10
Tl206 8.5877E-19 6.8824E-21 7.4547E-20 1.1865E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 5.5237E-11 2.9952E-10 8.3512E-11 1.2509E-09 5.4741E-12 3.0899E-11 4.1087E-11 5.4967E-11 8.8140E-11
Pb205 2.1341E-11 1.2634E-10 1.6321E-11 6.2935E-10 3.1267E-25 4.9235E-21 7.3776E-21 1.2434E-20 2.4893E-20
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Pb206 3.4070E-10 1.2214E-09 4.5766E-10 4.6653E-09 5.1434E-11 2.8832E-10 3.8120E-10 5.0340E-10 7.7745E-10
Pb207 2.9526E-10 7.8164E-10 4.3741E-10 2.7038E-09 5.7195E-11 3.2033E-10 4.2311E-10 5.5740E-10 8.5311E-10
Pb208 6.7722E-10 1.0621E-09 1.1011E-09 3.1748E-09 1.6450E-10 9.2120E-10 1.2166E-09 1.6015E-09 2.4390E-09
Pb209 7.1631E-18 3.7085E-17 1.3655E-16 1.6196E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 3.8427E-12 6.4755E-12 1.2066E-11 2.5498E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 6.8691E-11 8.1846E-11 1.0543E-10 1.7662E-10 2.2308E-11 1.2486E-10 1.6480E-10 2.1658E-10 3.2690E-10
v=300 km/s - [Fe/H]=-2
H 4.4352E+00 5.0612E+00 6.3671E+00 7.9764E+00 9.5122E+00 1.1354E+01 1.4284E+01 1.7656E+01 1.9411E+01
H2 1.5373E-16 2.2049E-16 1.4329E-14 2.0417E-13 1.5919E-12 1.6403E-11 1.6335E-10 4.2073E-10 9.8571E-08
H3 7.4102E-25 1.4477E-22 5.4978E-19 3.2211E-17 5.2737E-16 1.4381E-14 3.2365E-14 1.4732E-13 1.2393E-12
He3 7.5900E-05 7.7419E-05 5.0481E-05 4.3525E-05 5.1972E-05 7.7360E-05 1.6408E-04 2.1144E-04 3.3255E-04
He4 3.6793E+00 4.2477E+00 4.8904E+00 5.0612E+00 5.3679E+00 5.5937E+00 7.8845E+00 1.4626E+01 2.8600E+01
Li6 1.7523E-14 3.2454E-14 8.7442E-14 1.7875E-13 3.1142E-13 5.4180E-13 2.9361E-13 4.1443E-13 9.5628E-13
Li7 2.9292E-11 7.0382E-12 3.1187E-12 7.2702E-10 3.7538E-09 1.1808E-08 1.4458E-09 2.1091E-11 3.1414E-11
Be7 1.2723E-11 7.7000E-13 2.0516E-12 6.9870E-12 1.4551E-10 1.3152E-11 1.2745E-09 1.0391E-11 5.3239E-12
Be9 3.8172E-16 7.0653E-16 1.9090E-15 4.2580E-15 7.1340E-15 1.2940E-14 5.7374E-15 7.6492E-15 1.7605E-14
Be10 9.3048E-60 1.1269E-59 1.3038E-59 9.6520E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 2.3356E-15 4.3030E-15 1.1610E-14 2.5617E-14 4.2155E-14 7.8452E-14 3.3451E-14 4.4162E-14 1.0227E-13
B11 5.3856E-13 5.2223E-13 2.3682E-13 4.1531E-13 6.7977E-13 1.3335E-12 6.5170E-13 8.0253E-13 1.8628E-12
C12 1.4771E-01 1.8516E-01 3.1585E-01 1.0162E+00 3.4232E-02 3.6052E-02 2.4470E-01 5.0586E-01 1.2278E+00
C13 9.7654E-05 7.4478E-05 4.8505E-05 2.9785E-05 1.4373E-03 2.6068E-03 6.4752E-03 7.1104E-03 7.2227E-03
C14 7.2650E-04 6.4366E-04 1.0511E-03 5.9400E-03 1.7640E-13 3.9042E-12 3.2631E-11 2.3218E-11 2.7368E-11
N13 2.0640E-13 2.6564E-13 1.5947E-12 1.3858E-12 4.7507E-14 7.2547E-13 8.0842E-13 6.1206E-13 2.9603E-13
N14 6.8991E-02 6.4684E-02 1.5888E-02 6.2226E-03 1.5163E-02 4.9264E-02 7.6361E-02 6.3001E-02 6.0341E-02
N15 5.0776E-04 6.6574E-04 3.1172E-04 5.2229E-04 3.0583E-07 9.7055E-07 1.4830E-06 1.2427E-06 1.1680E-06
N16 3.3099E-29 5.3186E-29 6.4777E-28 1.7240E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 1.6025E-16 4.1074E-17 8.3450E-16 8.9600E-14 4.2587E-16 2.4223E-14 1.2273E-14 6.3173E-15 2.8280E-15
O16 1.2467E+00 1.5982E+00 3.7066E+00 5.9367E+00 8.2413E-03 2.1737E-02 8.2285E-02 1.3101E-01 3.1784E-01
O17 1.6658E-04 1.9282E-04 1.3429E-04 3.3284E-04 4.9882E-06 1.2637E-05 1.2907E-05 9.2943E-06 6.4827E-06
O18 5.8789E-02 8.5216E-02 4.1323E-02 8.8226E-03 6.4690E-07 9.4481E-07 5.0092E-06 8.5509E-06 9.6447E-06
O19 1.6257E-22 1.2043E-21 3.9855E-21 5.6551E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 1.7423E-17 1.3899E-17 4.1438E-17 3.6592E-21 6.6403E-19 8.7112E-17 3.6346E-17 1.3451E-17 3.6292E-18
F18 6.8331E-07 5.8807E-06 1.6373E-07 1.2699E-07 8.7336E-20 2.2179E-17 7.6930E-18 2.4742E-18 6.0991E-19
F19 2.7623E-05 5.0041E-05 1.9593E-04 7.9242E-04 5.0103E-08 6.0119E-08 1.0540E-07 2.4362E-07 1.6251E-07
F20 1.8368E-23 2.1418E-23 2.2552E-19 4.7798E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 6.3514E-02 6.5029E-02 1.7943E-01 6.4166E-01 1.6230E-04 2.1705E-04 4.4238E-04 4.9688E-04 7.6625E-04
Ne21 6.6926E-04 6.6661E-04 2.1246E-03 1.6549E-03 1.0899E-06 4.3833E-06 2.2458E-05 1.8859E-05 3.1998E-05
Ne22 6.1655E-02 9.8145E-02 1.1678E-01 1.6597E-01 8.5090E-05 2.1651E-04 1.5482E-03 1.2208E-03 2.6205E-03
Ne23 5.7178E-15 4.8612E-14 4.3622E-15 9.1804E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 3.6073E-16 6.3526E-16 1.6715E-15 6.7925E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 4.1365E-08 1.2392E-07 6.1789E-07 4.6982E-06 1.0744E-19 1.2696E-16 7.0461E-17 9.6367E-18 2.5017E-18
Na23 7.1657E-04 1.2310E-03 1.3785E-03 6.9613E-03 3.0229E-05 4.1936E-05 6.5599E-05 6.7604E-05 9.5018E-05
Na24 1.4398E-10 4.8762E-09 7.5811E-07 4.9448E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 1.0831E-14 3.1041E-14 4.6895E-15 6.5054E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.0340E-02 1.0635E-02 3.7297E-02 1.2050E-01 1.5045E-04 1.7021E-04 2.2455E-04 3.1637E-04 4.2287E-04
Mg25 1.4060E-02 1.8917E-02 3.2827E-02 1.2198E-02 1.1591E-05 1.4781E-05 2.7550E-05 3.0446E-05 5.8539E-05
Mg26 2.8642E-02 4.4782E-02 4.2688E-02 1.5666E-02 1.8034E-05 2.2331E-05 3.5492E-05 3.8576E-05 5.0544E-05
Mg27 1.3256E-11 7.7259E-11 3.0823E-11 5.4973E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 8.1156E-19 1.0404E-18 2.0706E-17 6.7471E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 5.8376E-06 1.7900E-05 5.4455E-05 1.5123E-04 4.8932E-07 4.3883E-07 1.1003E-06 7.9287E-06 2.8477E-05
Alg6 3.4710E-07 3.0136E-07 3.6984E-07 3.1855E-08 4.8932E-07 4.3883E-07 1.1003E-06 7.9287E-06 2.8477E-05
Alm6 1.8032E-14 3.5849E-14 4.0513E-11 9.2872E-16 1.2268E-24 5.1215E-23 2.6069E-23 2.9656E-23 1.0785E-22
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Al27 5.8880E-04 9.3723E-04 3.1995E-03 1.2423E-02 2.0179E-05 2.3087E-05 3.7188E-05 8.5414E-05 2.3008E-04
Al28 3.9604E-13 1.6413E-12 3.1200E-13 2.8995E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 1.4136E-18 2.1963E-18 8.1271E-19 1.1296E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 3.7697E-01 4.2532E-01 1.9064E-01 2.6073E-01 2.3767E-04 2.7133E-04 3.6285E-04 5.3925E-04 8.4987E-04
Si29 5.4310E-04 1.0869E-03 5.3910E-03 5.3591E-03 1.2339E-05 1.4191E-05 1.9408E-05 2.7594E-05 4.1932E-05
Si30 2.1186E-04 3.4220E-04 6.5096E-03 6.9175E-03 8.6304E-06 9.9634E-06 1.4574E-05 2.1223E-05 3.5979E-05
Si31 2.7868E-10 1.2663E-09 2.8766E-07 1.3307E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 3.6953E-11 2.8007E-10 4.2025E-08 1.4231E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 7.6450E-21 1.5717E-20 8.6587E-21 1.8675E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 2.4944E-14 8.2183E-14 2.1589E-12 8.4383E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 8.3784E-04 1.3249E-03 1.6912E-03 1.9788E-03 9.0409E-07 1.1130E-06 2.3890E-06 2.6541E-06 5.0663E-06
P32 1.0325E-06 1.0323E-06 5.2810E-06 2.2221E-06 3.0693E-34 5.5986E-33 1.1595E-32 5.6676E-33 2.4354E-28
P33 6.3215E-07 4.7256E-07 3.3267E-06 7.8244E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 1.5763E-22 6.2559E-22 8.8870E-20 4.4757E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 3.0271E-24 2.6487E-24 1.7267E-22 2.8423E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 3.3035E-01 3.4554E-01 1.1262E-01 9.0577E-02 9.8463E-05 1.1216E-04 1.4639E-04 2.1468E-04 3.1890E-04
S33 1.0107E-03 1.4353E-03 9.3684E-04 1.0295E-03 9.1117E-07 1.1672E-06 2.3336E-06 3.7368E-06 8.1230E-06
S34 9.0132E-03 9.7887E-03 1.0498E-02 5.9027E-03 4.7701E-06 5.6140E-06 9.0159E-06 1.1759E-05 1.9537E-05
S35 5.6284E-07 1.6651E-06 7.8933E-06 1.3178E-06 3.7713E-33 4.7101E-32 8.4850E-32 5.9646E-32 1.4886E-27
S36 1.1137E-07 4.8917E-07 4.9894E-06 6.1269E-07 2.3365E-08 2.6674E-08 3.5264E-08 5.1552E-08 7.7478E-08
S37 9.9312E-20 3.6634E-19 3.6866E-19 2.7814E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 4.3674E-26 6.6736E-26 1.3880E-25 7.7762E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 2.5452E-26 3.9886E-26 2.1301E-26 8.7729E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 1.0962E-03 1.4385E-03 6.5596E-04 4.7479E-04 9.1898E-07 1.0462E-06 1.3691E-06 1.9794E-06 2.9039E-06
Cl36 5.6842E-06 1.3861E-05 6.1562E-06 2.3228E-06 1.2779E-09 2.4634E-09 1.4574E-08 2.4545E-08 6.5061E-08
Cl37 5.3816E-06 1.3473E-05 9.1488E-06 6.0149E-06 3.7565E-07 4.9876E-07 1.1022E-06 1.8362E-06 4.2369E-06
Cl38 6.2030E-15 1.3617E-13 3.2276E-12 7.8085E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 8.1083E-02 7.8665E-02 2.1335E-02 1.5081E-02 1.8766E-05 2.1333E-05 2.7559E-05 4.0272E-05 5.8847E-05
Ar37 3.7612E-04 4.4200E-04 9.4388E-05 6.4841E-05 2.8849E-26 9.4296E-25 1.3045E-23 1.3037E-20 4.5833E-16
Ar38 2.2663E-02 2.1706E-02 5.8211E-03 2.4132E-03 3.6161E-06 4.1437E-06 5.6037E-06 8.0821E-06 1.2315E-05
Ar39 8.0970E-07 2.6093E-06 3.6299E-07 2.8900E-07 2.1387E-27 9.7646E-26 4.8963E-25 5.7719E-24 6.6902E-19
Ar40 5.5942E-08 6.7668E-08 3.0536E-07 1.6879E-07 6.0993E-09 7.0631E-09 1.1183E-08 1.6256E-08 2.5640E-08
Ar41 2.6261E-15 8.5975E-14 4.5140E-11 2.9139E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 4.8520E-36 5.8443E-36 4.4477E-33 4.4568E-33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 1.7314E-21 9.1799E-20 1.0896E-13 4.2833E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 2.6294E-03 2.8866E-03 4.2456E-04 2.2025E-04 4.3065E-07 4.9703E-07 7.0416E-07 1.0022E-06 1.5850E-06
K40 1.3535E-06 3.5975E-06 5.9635E-07 3.2208E-07 2.2824E-09 5.0146E-09 2.7024E-08 3.2019E-08 8.9340E-08
K41 2.4147E-07 6.5971E-07 2.8000E-07 3.5742E-07 3.3748E-08 4.1716E-08 8.1772E-08 1.0308E-07 2.0063E-07
K42 6.4680E-11 6.7979E-10 1.0818E-08 7.4576E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 9.7039E-02 8.6859E-02 1.8465E-02 1.2615E-02 2.0829E-05 2.3691E-05 3.0680E-05 4.4964E-05 6.6078E-05
Ca41 2.1805E-04 3.0713E-04 2.6106E-05 1.5192E-05 2.0537E-08 2.6476E-08 6.8162E-08 2.3631E-07 6.0316E-07
Ca42 1.0778E-03 9.8296E-04 2.2312E-04 7.4500E-05 1.6920E-07 2.1893E-07 4.2127E-07 7.6340E-07 1.7206E-06
Ca43 1.7638E-06 3.5743E-06 7.3088E-07 5.3443E-07 3.5744E-08 4.8072E-08 9.8826E-08 1.7336E-07 4.0528E-07
Ca44 9.5507E-07 1.4759E-06 1.5311E-06 2.3844E-06 5.0266E-07 6.1023E-07 1.0335E-06 1.3984E-06 2.5774E-06
Ca45 3.4817E-08 7.5554E-09 1.8782E-07 1.2102E-07 2.0033E-32 3.6289E-31 6.4296E-31 3.8790E-31 1.5121E-26
Ca46 3.3607E-08 2.0201E-09 2.5851E-07 3.9843E-08 9.8872E-10 1.1257E-09 1.4733E-09 2.1560E-09 3.1745E-09
Ca47 4.0496E-09 3.4771E-11 6.0352E-08 8.7554E-10 6.8015E-37 4.8990E-36 6.9370E-36 8.9617E-36 3.1777E-32
Ca48 2.8862E-08 3.2838E-08 5.3034E-08 5.2802E-08 4.8324E-08 5.5127E-08 7.2538E-08 1.0625E-07 1.5911E-07
Ca49 8.5911E-19 3.6346E-18 2.2364E-18 2.6871E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 1.0995E-50 7.5343E-51 5.5937E-46 2.0151E-46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 1.0328E-41 5.0640E-42 2.3016E-41 5.0022E-40 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 1.0332E-07 1.5456E-07 2.8919E-08 3.8230E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 8.6343E-08 1.8569E-07 1.0620E-08 4.4109E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 3.8432E-06 3.7046E-06 9.7280E-07 7.3770E-07 8.1766E-09 1.3826E-08 4.8281E-08 5.4139E-08 1.4066E-07
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Sc46 2.3477E-09 7.5306E-09 2.6869E-08 5.6989E-08 6.7565E-33 3.3234E-31 6.6432E-31 2.2612E-31 1.9732E-26
Sc47 2.2283E-09 1.0973E-09 2.8976E-08 1.2476E-08 5.1831E-37 3.7334E-36 5.2867E-36 6.8320E-36 2.4217E-32
Sc48 4.7701E-12 9.0319E-12 8.2154E-09 1.8745E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 8.5217E-16 2.0227E-15 2.6712E-11 1.0800E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 6.1529E-05 5.8712E-05 3.2447E-05 4.5730E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 1.0195E-06 8.7912E-07 2.1547E-07 1.3672E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 6.8528E-04 6.3969E-04 8.4942E-05 3.4430E-05 7.5903E-08 9.7967E-08 2.1858E-07 2.3784E-07 4.7345E-07
Ti47 7.2040E-06 1.0788E-05 2.1573E-06 1.4282E-06 6.8381E-08 8.1149E-08 1.3307E-07 1.6566E-07 2.7474E-07
Ti48 1.4550E-06 2.1007E-06 1.2610E-06 1.3371E-06 6.8802E-07 7.8768E-07 1.0690E-06 1.4883E-06 2.2012E-06
Ti49 1.7752E-07 2.4853E-07 3.4047E-07 9.0545E-07 5.4454E-08 6.7488E-08 1.6281E-07 1.5539E-07 2.8332E-07
Ti50 1.0250E-06 1.4177E-06 2.4293E-06 5.2286E-06 5.4177E-08 7.4202E-08 2.9038E-07 1.9952E-07 4.1741E-07
Ti51 1.5505E-15 6.0055E-15 1.6327E-15 5.7144E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 9.0739E-55 1.3142E-54 2.8915E-52 6.1005E-47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 2.5862E-58 2.5211E-58 8.3993E-52 2.1138E-47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 2.8191E-10 4.2082E-10 1.2702E-10 3.5628E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 1.3806E-06 1.8753E-06 2.5436E-07 8.7926E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 1.1273E-05 1.0950E-05 3.4604E-06 2.1925E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 2.1333E-08 5.4299E-08 2.1670E-08 2.6065E-08 1.1607E-10 1.3201E-10 1.7015E-10 2.4574E-10 3.5485E-10
V51 2.6962E-07 6.4446E-07 4.3764E-07 6.6439E-07 4.7556E-08 5.4511E-08 7.8550E-08 1.0448E-07 1.5666E-07
V52 6.0856E-16 2.0883E-15 3.8037E-15 1.3176E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 9.4314E-05 8.8924E-05 7.6557E-05 9.5994E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 1.8378E-08 1.7367E-08 6.6472E-09 5.5984E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 9.3933E-04 1.0184E-03 1.3189E-04 5.0505E-05 1.0345E-07 1.1766E-07 1.5165E-07 2.1901E-07 3.1623E-07
Cr51 4.5898E-05 5.8687E-05 9.8382E-06 4.0074E-06 3.8228E-27 1.9489E-25 3.2457E-24 1.5376E-21 2.5383E-17
Cr52 9.4314E-05 2.7296E-04 2.3398E-05 8.8194E-06 2.0869E-06 2.3749E-06 3.1014E-06 4.5142E-06 6.6515E-06
Cr53 2.5506E-07 8.3081E-07 3.5513E-07 5.3017E-07 2.4079E-07 2.7409E-07 3.5705E-07 5.1971E-07 7.6406E-07
Cr54 4.9578E-07 6.9087E-07 1.2596E-06 1.4777E-06 6.6503E-08 8.0751E-08 1.4096E-07 2.2522E-07 4.5128E-07
Cr55 9.3956E-16 3.3902E-15 3.1086E-16 2.1218E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 9.3048E-60 1.1269E-59 1.3038E-59 4.6791E-57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 3.7313E-08 4.0788E-08 1.2639E-08 7.5154E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 2.2210E-04 1.9489E-04 1.4595E-04 1.2424E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 1.5874E-04 2.4724E-04 6.2163E-05 3.5494E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 5.8454E-07 3.5550E-06 1.0603E-07 8.1412E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.2598E-06 3.1290E-06 1.5229E-06 1.6338E-06 1.6348E-06 1.8510E-06 2.3921E-06 3.5145E-06 5.1263E-06
Mn56 1.2193E-11 3.2511E-10 4.0578E-09 3.4981E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 9.2010E-22 1.0368E-20 8.6109E-18 3.4120E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 6.5936E-04 5.7458E-04 4.3894E-04 3.7443E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 1.2058E-18 3.4524E-18 7.8812E-15 8.8131E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 1.2573E-02 2.6293E-02 5.0089E-03 1.6561E-03 1.0897E-05 1.2390E-05 1.5970E-05 2.3092E-05 3.3362E-05
Fe55 4.4095E-04 1.1895E-03 1.2918E-04 4.8593E-05 3.4516E-16 6.8968E-15 8.3396E-13 3.9569E-11 2.1852E-10
Fe56 1.2504E-03 3.3625E-03 3.5920E-04 2.1083E-04 1.7819E-04 2.0259E-04 2.6193E-04 3.8352E-04 5.6226E-04
Fe57 3.8515E-06 9.7503E-06 4.6643E-06 5.3148E-06 4.3338E-06 4.9332E-06 6.5486E-06 1.0580E-05 1.7151E-05
Fe58 2.0646E-06 2.2775E-06 4.4816E-06 6.0233E-06 8.5420E-07 1.2160E-06 2.6365E-06 6.4113E-06 1.6093E-05
Fe59 1.2442E-07 1.8225E-08 1.0672E-06 1.9406E-07 1.0894E-31 2.6991E-30 3.4350E-30 3.4188E-30 1.1452E-25
Fe60 1.4862E-07 3.7615E-09 2.4033E-06 6.1109E-08 6.6524E-13 1.0044E-11 8.3576E-11 3.1873E-10 3.1161E-10
Fe61 2.3901E-19 2.5619E-19 1.5747E-16 3.8109E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 9.3048E-60 1.1269E-59 1.3038E-59 9.6520E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 4.8685E-04 4.8780E-04 1.7959E-04 9.7416E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 5.2784E-06 1.1194E-05 2.7904E-06 1.8607E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 1.7136E-04 2.6254E-04 1.3076E-04 1.2867E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 3.1512E-07 2.1079E-06 3.5250E-08 2.3590E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 8.2701E-07 1.7420E-06 1.1778E-06 2.2788E-06 6.9263E-07 8.7668E-07 1.4911E-06 2.7710E-06 6.0241E-06
Co60 1.4298E-08 1.6846E-08 4.8370E-08 1.8418E-07 1.2196E-18 1.8283E-17 1.5180E-16 5.7877E-16 5.6390E-16
Co61 1.0711E-14 5.4195E-13 4.2574E-09 2.4787E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ni56 7.0000E-02 7.0000E-02 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.4119E-03 2.4950E-03 2.2539E-03 2.3895E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 5.5206E-03 6.4954E-03 4.8466E-03 4.2785E-03 7.1573E-06 8.1359E-06 1.0486E-05 1.5168E-05 2.1923E-05
Ni59 1.4037E-04 1.7760E-04 1.1664E-04 1.1885E-04 6.9311E-09 4.5611E-09 6.2595E-09 2.8533E-08 5.4152E-08
Ni60 1.2367E-03 1.3386E-03 1.3499E-03 1.6367E-03 2.9234E-06 3.4493E-06 5.0085E-06 7.7818E-06 1.3760E-05
Ni61 3.7088E-05 3.9516E-05 3.6424E-05 4.0993E-05 1.5026E-07 2.1666E-07 4.9243E-07 8.6453E-07 2.1222E-06
Ni62 1.2758E-05 1.2494E-05 1.2556E-05 1.4745E-05 4.5204E-07 6.4515E-07 1.5077E-06 2.2318E-06 5.3000E-06
Ni63 1.2531E-07 7.8281E-08 5.0635E-07 1.1991E-06 3.0687E-28 9.7781E-26 4.6804E-25 3.3914E-24 1.9021E-19
Ni64 8.2224E-07 8.9895E-07 1.9527E-06 5.1653E-06 1.1808E-07 2.1221E-07 9.4262E-07 7.1843E-07 1.7462E-06
Ni65 3.9414E-14 2.8655E-12 1.3793E-09 1.7114E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 9.3048E-60 1.1269E-59 1.3038E-59 9.6520E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 9.0550E-45 6.6144E-47 2.0546E-39 1.0591E-33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 1.1643E-22 7.6272E-22 5.8558E-22 1.8964E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 2.5118E-08 2.6704E-08 2.8558E-08 4.8097E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 2.8930E-05 3.0557E-05 2.8296E-05 3.1548E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 4.1154E-07 3.9512E-07 3.5730E-07 3.6042E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 1.1114E-06 1.1036E-06 1.1789E-06 2.1675E-06 9.3032E-08 1.7697E-07 6.2550E-07 8.0392E-07 2.1313E-06
Cu64 3.7675E-10 1.8034E-09 7.2081E-09 2.9399E-08 8.8162E-34 5.3157E-32 1.0307E-31 3.2107E-32 3.1448E-27
Cu65 5.1966E-07 6.4750E-07 9.3662E-07 2.5662E-06 4.6441E-08 1.4270E-07 8.7756E-07 6.3668E-07 1.7895E-06
Cu66 2.9599E-15 1.1157E-14 4.8076E-15 3.1843E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 4.4901E-25 9.4561E-25 6.9505E-25 2.6328E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 2.5597E-31 4.6143E-30 4.8314E-25 4.4119E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 6.1087E-04 6.1488E-04 5.5796E-04 5.3240E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 1.1610E-09 1.0412E-09 1.2855E-09 2.3024E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 5.3516E-06 5.1880E-06 6.5169E-06 1.0794E-05 1.3241E-07 1.9281E-07 5.0141E-07 6.0104E-07 1.3920E-06
Zn65 5.6825E-07 6.2163E-07 5.0425E-07 7.2032E-07 1.8279E-29 3.8900E-27 2.8571E-26 6.5967E-25 3.1760E-19
Zn66 2.8469E-06 2.9643E-06 3.1321E-06 5.7303E-06 7.8941E-08 1.4841E-07 7.2053E-07 4.6808E-07 1.1554E-06
Zn67 1.0547E-07 1.3293E-07 1.6697E-07 8.0989E-07 1.2082E-08 2.6459E-08 1.5366E-07 8.7987E-08 2.2628E-07
Zn68 7.0680E-07 9.1909E-07 1.5211E-06 6.5556E-06 5.4678E-08 1.2603E-07 9.3639E-07 3.6603E-07 9.1911E-07
Zn69 3.3790E-14 1.6433E-12 2.7291E-10 2.0439E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 9.1171E-10 1.0539E-09 1.8540E-07 7.9464E-08 1.7230E-09 1.9581E-09 2.5245E-09 3.6626E-09 5.3050E-09
Zn71 5.2986E-22 2.6924E-21 4.5552E-20 3.2022E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 9.3048E-60 1.1269E-59 1.3038E-59 9.6520E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 5.9970E-38 7.9364E-37 2.3126E-34 8.2880E-29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 2.1645E-34 3.7313E-33 1.9004E-26 1.9019E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 1.1422E-13 1.3492E-13 1.0217E-13 2.3274E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 5.9994E-06 5.9845E-06 5.2613E-06 4.9925E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 2.4610E-08 2.4084E-08 1.9728E-08 2.9533E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 1.5991E-12 9.6303E-13 6.8966E-12 3.0531E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 1.1344E-07 1.5113E-07 2.4186E-07 1.1263E-06 5.5322E-09 1.5581E-08 1.3870E-07 4.5947E-08 1.1901E-07
Ga70 1.1711E-14 1.2443E-13 3.1996E-12 6.9755E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 1.0068E-07 1.5198E-07 2.9401E-07 9.0383E-07 3.7783E-09 1.2390E-08 1.3518E-07 3.3944E-08 8.8481E-08
Ga72 3.1100E-13 2.8790E-11 1.6653E-08 2.9830E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 4.4530E-47 5.3891E-45 6.2463E-35 1.3607E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 1.5192E-45 2.0345E-44 4.0371E-37 1.6408E-32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.1753E-06 1.1743E-06 1.0313E-06 9.9362E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 5.6086E-15 5.8997E-15 4.5921E-15 2.1165E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 9.6927E-09 5.5342E-09 3.0548E-08 5.9659E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 6.9797E-12 1.1854E-11 5.7894E-11 1.0238E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 1.9849E-07 2.5662E-07 4.0248E-07 1.9701E-06 7.8230E-09 2.2256E-08 2.1431E-07 6.1843E-08 1.5834E-07
Ge71 1.0299E-08 5.9730E-09 3.4259E-08 2.1246E-07 4.9993E-34 7.0328E-32 2.6900E-31 1.4420E-32 4.1301E-27
Ge72 2.2669E-07 2.9492E-07 5.5683E-07 2.3579E-06 1.0172E-08 2.3745E-08 2.2910E-07 5.6858E-08 1.3491E-07
Ge73 6.2472E-08 8.1569E-08 1.2423E-07 7.2319E-07 2.8796E-09 6.5583E-09 6.3672E-08 1.5347E-08 3.5980E-08
Ge74 4.0048E-07 5.3857E-07 9.2386E-07 4.4633E-06 1.3634E-08 3.1687E-08 3.6757E-07 6.7937E-08 1.5460E-07
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ge75 4.6098E-14 2.2470E-12 6.1525E-10 6.8103E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 1.4932E-09 1.7268E-09 2.7320E-07 1.6752E-07 2.8245E-09 3.2100E-09 4.1384E-09 6.0028E-09 8.6923E-09
Ge77 5.2337E-19 2.3127E-16 3.8005E-09 9.9906E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 4.4005E-13 5.7452E-13 4.1648E-12 1.0256E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 3.2058E-14 1.1026E-13 2.8618E-12 2.0092E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 1.3054E-10 1.2597E-10 1.0367E-09 1.7848E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 1.2028E-12 2.9430E-12 1.7464E-10 5.0299E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 4.1526E-08 5.5607E-08 1.9595E-07 8.7604E-07 1.6840E-09 3.4878E-09 3.6983E-08 7.2840E-09 1.5881E-08
As76 1.5109E-12 3.6099E-11 4.8491E-09 1.0494E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 1.9162E-14 5.6691E-12 8.2124E-08 3.4221E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 2.4483E-08 9.6638E-09 9.4777E-08 2.9470E-07 1.5695E-10 1.7862E-10 2.3025E-10 3.3218E-10 4.7955E-10
Se75 3.0270E-10 2.8722E-10 1.7976E-09 2.3951E-08 2.5070E-34 1.6614E-33 2.3686E-33 3.0948E-33 1.6605E-30
Se76 1.3424E-07 1.4346E-07 3.5681E-07 1.4863E-06 1.8094E-09 5.4318E-09 8.0512E-08 1.1427E-08 2.7313E-08
Se77 3.8137E-08 5.1696E-08 8.4547E-08 4.1685E-07 1.4434E-09 2.9463E-09 3.2861E-08 5.9336E-09 1.2635E-08
Se78 2.5511E-07 3.4655E-07 5.8833E-07 2.8539E-06 4.6330E-09 1.2243E-08 1.9288E-07 2.3747E-08 5.3621E-08
Se79 2.7950E-08 2.7364E-08 8.0486E-08 5.8366E-07 3.5411E-15 4.6787E-13 3.0323E-11 2.2429E-12 3.4872E-12
Se80 1.1780E-07 7.7822E-08 3.7591E-07 2.3936E-06 9.4803E-09 1.0851E-08 1.7270E-08 2.0264E-08 2.9350E-08
Se81 3.0583E-16 5.8936E-16 4.6422E-14 5.7366E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 9.2398E-10 1.0631E-09 1.8734E-07 2.0309E-07 1.7160E-09 1.9506E-09 2.5195E-09 3.6811E-09 5.3760E-09
Se83 2.1856E-20 2.6994E-19 2.3557E-14 3.6320E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 7.9207E-15 4.6363E-15 1.2914E-14 1.7252E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 1.0807E-13 1.3660E-13 2.0053E-13 3.0874E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 8.6089E-11 4.4670E-11 1.3507E-10 2.0918E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 4.3238E-20 1.4168E-19 5.1987E-16 3.6474E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.2014E-08 1.9543E-08 2.9276E-08 1.3433E-07 1.5320E-09 2.3951E-09 2.0022E-08 4.5333E-09 8.3057E-09
Br80 9.5436E-15 8.4175E-14 1.1025E-12 2.4368E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 2.2039E-08 1.7771E-08 1.0626E-07 6.2189E-07 1.5197E-09 1.8706E-09 6.4361E-09 3.4769E-09 5.4053E-09
Br82 1.1558E-12 2.5459E-11 2.9311E-09 4.8288E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 4.3767E-15 1.6316E-13 9.8659E-09 5.6079E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 1.2671E-08 4.4516E-09 3.5195E-08 6.6539E-08 5.4696E-11 6.2246E-11 8.0236E-11 1.1576E-10 1.6712E-10
Kr79 2.8052E-10 1.9969E-10 7.9211E-10 2.1619E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 8.9633E-08 7.2715E-08 2.2005E-07 5.9984E-07 4.0291E-10 1.8654E-09 3.9670E-08 3.5544E-09 8.9007E-09
Kr81 1.4981E-08 2.3782E-08 2.5522E-08 9.6775E-08 1.3566E-11 5.4455E-10 1.4968E-08 1.0506E-09 2.8846E-09
Kr82 1.9530E-07 2.5694E-07 4.3722E-07 1.6268E-06 1.9741E-09 5.9785E-09 1.1983E-07 1.0821E-08 2.4565E-08
Kr83 6.1578E-08 8.1047E-08 2.0612E-07 8.0428E-07 1.8924E-09 3.3022E-09 4.0029E-08 6.0164E-09 1.1409E-08
Kr84 3.2693E-07 4.3779E-07 9.9419E-07 4.6737E-06 9.4169E-09 1.5278E-08 1.8725E-07 2.7337E-08 4.9396E-08
Kr85 4.2355E-08 2.1358E-08 1.8204E-07 9.4247E-07 1.3884E-31 5.5954E-30 4.7251E-29 3.9569E-29 2.6261E-25
Kr86 1.6828E-07 7.1339E-08 1.2638E-06 2.5340E-06 2.8907E-09 3.3021E-09 5.0810E-09 6.3628E-09 9.4546E-09
Kr87 4.2426E-16 1.7166E-14 6.1775E-12 2.6178E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 6.9349E-20 6.7983E-20 9.3463E-18 2.1297E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 1.2201E-32 7.6909E-32 2.1563E-23 6.7487E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 4.5563E-12 2.1516E-12 4.0040E-12 1.0083E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 6.0906E-13 6.5439E-13 3.8094E-13 9.4045E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 5.3527E-10 3.1257E-10 1.4168E-09 5.1043E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 8.1615E-12 9.6482E-12 4.7841E-11 5.5706E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 4.6374E-08 7.5461E-08 1.6447E-07 7.2953E-07 2.2015E-09 3.3019E-09 3.4754E-08 5.9283E-09 1.0224E-08
Rb86 5.6506E-09 4.5589E-09 3.6641E-08 2.4444E-07 6.5475E-34 2.0857E-32 1.3778E-31 9.7034E-33 7.7816E-28
Rb87 7.1326E-08 1.8292E-08 7.4272E-07 1.7032E-06 9.2140E-10 1.0499E-09 1.4600E-09 2.0061E-09 2.9631E-09
Rb88 1.2666E-16 6.8180E-16 3.0722E-14 1.2103E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 2.8926E-07 9.2999E-08 5.2883E-07 5.8510E-07 3.7847E-11 4.3072E-11 5.5523E-11 8.0105E-11 1.1564E-10
Sr85 7.5214E-09 4.7741E-09 1.8736E-08 2.1324E-08 3.4201E-35 2.2669E-34 3.2333E-34 4.2202E-34 2.2641E-31
Sr86 2.3551E-07 2.9847E-07 9.7684E-07 2.4613E-06 7.7249E-10 3.0870E-09 9.9273E-08 5.0450E-09 1.1811E-08
Sr87 1.0708E-07 1.8408E-07 3.3163E-07 1.5239E-06 5.3368E-10 1.8295E-09 5.9773E-08 2.9975E-09 6.8237E-09
Sr88 2.2437E-06 2.9456E-06 1.4235E-05 3.4647E-05 6.1051E-09 1.1364E-08 3.0867E-07 2.0630E-08 4.0954E-08
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Sr89 1.0764E-07 2.1985E-08 7.5581E-07 1.5804E-06 8.8103E-35 4.1539E-33 3.6834E-32 1.7712E-33 1.6427E-28
Sr90 6.9082E-08 3.1055E-09 6.5641E-07 4.7803E-07 0.0000E+00 0.0000E+00 0.0000E+00 2.3056E-43 2.0084E-29
Sr91 2.6018E-17 1.7679E-16 7.0131E-10 3.2127E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 1.3422E-12 5.6462E-13 8.4744E-13 8.1896E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 4.0592E-12 3.0178E-12 3.8694E-12 2.9337E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 4.7151E-10 2.1383E-10 1.3203E-09 1.1358E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 2.0415E-10 1.2846E-10 1.5122E-09 2.2094E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 6.9612E-07 9.3255E-07 3.9946E-06 9.0626E-06 1.6161E-09 2.5372E-09 5.9152E-08 4.8167E-09 9.0769E-09
Y90 1.3006E-11 1.0190E-10 8.1946E-08 2.1769E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 4.4510E-14 2.5432E-12 5.0468E-07 9.5902E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 5.1606E-06 2.4547E-06 1.0321E-05 1.2192E-05 1.9490E-09 2.5742E-09 3.6113E-08 4.9751E-09 8.5032E-09
Zr91 2.3810E-07 2.7834E-07 1.1019E-06 2.2852E-06 4.2988E-10 5.6179E-10 7.7538E-09 1.0964E-09 1.8758E-09
Zr92 5.1459E-07 5.9574E-07 3.0348E-06 4.8214E-06 6.6482E-10 8.5139E-10 1.0738E-08 1.6846E-09 2.8652E-09
Zr93 1.6375E-07 1.8395E-07 8.3660E-07 1.4855E-06 2.8874E-12 2.7068E-11 2.4965E-09 7.9653E-11 2.2812E-10
Zr94 6.6148E-07 7.5382E-07 3.3836E-06 4.1024E-06 6.8615E-10 8.3977E-10 7.0720E-09 1.6618E-09 2.7197E-09
Zr95 5.4871E-08 2.0561E-08 4.6154E-07 6.8977E-07 7.3822E-35 1.0433E-33 4.9319E-33 1.0990E-33 3.2133E-29
Zr96 2.2787E-07 1.3547E-08 1.8789E-06 9.7544E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 2.5223E-33
Zr97 5.5678E-17 1.8272E-16 2.4894E-10 9.5624E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 4.3594E-09 2.1918E-09 1.1798E-08 2.4116E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 1.3426E-11 1.3698E-11 1.1004E-09 3.7581E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 3.1624E-10 5.9616E-10 1.1660E-08 3.0919E-08 2.9245E-10 3.3386E-10 5.2521E-10 6.2196E-10 9.0337E-10
Nb94 2.9860E-12 7.4677E-12 9.2201E-10 1.4752E-09 1.1465E-22 1.0370E-22 1.4855E-21 4.8441E-22 2.8578E-19
Nb95 1.6128E-09 1.4160E-09 1.8889E-08 3.3311E-08 4.0294E-35 5.6945E-34 2.6922E-33 6.0923E-34 1.7545E-29
Nb96 1.4324E-11 8.3775E-13 3.2918E-10 3.2203E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 3.5592E-18 4.5064E-17 6.8898E-11 5.5986E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 9.2970E-08 1.7728E-07 1.4844E-06 6.0441E-07 1.1053E-10 1.2574E-10 1.6207E-10 2.3394E-10 3.3776E-10
Mo93 2.4065E-09 5.2509E-09 7.9356E-08 3.0440E-08 2.3506E-21 2.2792E-20 1.7918E-19 1.0051E-18 5.0534E-18
Mo94 4.2158E-08 8.4187E-08 1.0940E-06 4.2875E-07 7.1613E-11 8.1321E-11 1.0967E-10 1.5171E-10 2.1970E-10
Mo95 4.5362E-08 5.9001E-08 1.3596E-07 1.1040E-07 1.2536E-10 1.4757E-10 6.9654E-10 2.8347E-10 4.3701E-10
Mo96 1.3916E-07 1.9497E-07 7.3457E-07 6.5146E-07 2.4611E-10 2.9075E-10 1.4760E-09 5.6274E-10 8.7623E-10
Mo97 4.6755E-08 5.5765E-08 1.7858E-07 1.8486E-07 7.7815E-11 9.2045E-11 4.7754E-10 1.7867E-10 2.7916E-10
Mo98 1.7289E-07 2.1376E-07 6.4112E-07 7.0503E-07 2.0054E-10 2.3888E-10 1.3900E-09 4.7039E-10 7.4813E-10
Xe132 3.6223E-07 4.5438E-07 1.7034E-06 1.7916E-06 6.6853E-10 7.7794E-10 2.6968E-09 1.4977E-09 2.2849E-09
Xe133 2.0037E-08 1.2069E-08 2.0495E-07 1.8158E-07 1.2804E-35 1.1937E-34 3.3661E-34 1.6918E-34 2.1240E-30
Xe134 9.9861E-08 1.1400E-08 1.4130E-06 5.6459E-07 2.4932E-10 2.8332E-10 3.6533E-10 5.3021E-10 7.6823E-10
Xe135 8.3432E-17 1.4907E-14 3.1016E-08 1.5432E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 4.9142E-08 6.6057E-08 2.5969E-07 2.0950E-07 1.7493E-10 2.0126E-10 4.7181E-10 3.8088E-10 5.6554E-10
Cs134 1.0966E-09 2.2503E-09 1.2180E-08 3.1881E-08 3.7491E-33 3.0090E-32 6.8117E-32 5.3100E-32 3.2843E-28
Cs135 1.6915E-08 7.1850E-09 1.5425E-07 2.0563E-07 9.1526E-14 7.3731E-14 2.3488E-13 5.2763E-13 1.0314E-12
Cs136 9.3214E-09 2.4320E-09 6.8111E-08 7.1216E-08 2.7455E-37 1.9481E-36 1.7786E-36 4.0328E-36 1.6070E-32
Cs137 1.2633E-07 4.7413E-09 1.0783E-06 3.3121E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 1.3201E-33
Cs138 3.4437E-19 1.7727E-19 2.0402E-15 4.8119E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 1.4793E-07 2.0777E-07 6.8485E-07 4.7686E-07 5.5863E-11 6.9594E-11 6.7437E-10 1.4946E-10 2.6183E-10
Ba135 4.4658E-08 6.0621E-08 1.2614E-07 1.2721E-07 1.4757E-10 1.7006E-10 4.2301E-10 3.2354E-10 4.8354E-10
Ba136 3.8043E-07 5.3756E-07 1.5171E-06 1.4187E-06 1.8207E-10 2.1997E-10 1.4353E-09 4.6273E-10 7.7965E-10
Ba137 2.8382E-07 3.9597E-07 8.4401E-07 1.0178E-06 2.5810E-10 3.0263E-10 1.1318E-09 6.0530E-10 9.5832E-10
Ba138 7.1456E-06 9.2129E-06 1.4368E-05 8.5094E-06 1.6594E-09 1.9431E-09 4.9922E-09 3.9678E-09 6.4276E-09
Ba139 2.1576E-13 6.8534E-12 1.4387E-11 2.5161E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 6.7402E-11 1.7975E-10 2.9137E-10 1.6383E-10 1.7386E-13 1.9851E-13 2.6279E-13 3.8395E-13 5.7755E-13
La139 9.8034E-07 1.3322E-06 1.5773E-06 8.5449E-07 1.9331E-10 2.2546E-10 4.8951E-10 4.5653E-10 7.3304E-10
La140 7.1743E-13 7.9254E-11 2.7279E-10 5.9081E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 2.7401E-06 3.6914E-06 3.4067E-06 1.1370E-06 5.1900E-10 6.0042E-10 1.0243E-09 1.1903E-09 1.8617E-09
Ce141 6.7937E-07 6.6752E-08 1.8993E-06 1.7832E-08 8.6565E-36 8.3522E-35 1.4788E-34 1.2074E-34 1.7406E-30
Pr141 2.1703E-07 3.4495E-07 3.1740E-07 7.6880E-08 8.1152E-11 9.3188E-11 1.4042E-10 1.7971E-10 2.7185E-10
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Pr142 7.6177E-13 1.3968E-10 1.8710E-09 1.1482E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 8.4751E-07 1.5430E-06 9.6305E-07 2.4912E-07 1.1174E-10 1.2956E-10 2.1822E-10 2.6028E-10 4.1243E-10
Nd143 9.0538E-08 1.5279E-07 6.1288E-08 2.2872E-08 4.9480E-11 5.6628E-11 7.9591E-11 1.0788E-10 1.6058E-10
Nd144 2.9887E-07 5.0928E-07 1.9274E-07 7.0120E-08 9.8702E-11 1.1326E-10 1.6496E-10 2.1867E-10 3.3067E-10
Hg202 5.4819E-07 9.2867E-07 4.1653E-07 1.2433E-07 9.8589E-11 1.1372E-10 1.7617E-10 2.2548E-10 3.5094E-10
Hg203 2.3522E-08 1.8680E-08 2.5572E-08 4.1969E-09 1.7206E-35 1.5910E-34 2.6518E-34 2.3795E-34 2.3092E-30
Hg204 4.4583E-08 7.9773E-09 4.4869E-08 3.6794E-09 2.2632E-11 2.5731E-11 3.3164E-11 4.7940E-11 6.9259E-11
Hg205 4.8367E-19 4.7808E-19 2.2593E-17 1.1637E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 2.5975E-07 4.3575E-07 1.3557E-07 6.3751E-08 5.2429E-11 6.0312E-11 8.9850E-11 1.1815E-10 1.8143E-10
Tl204 1.8169E-08 2.2257E-08 1.7712E-08 9.4546E-09 6.3308E-34 5.5630E-33 9.1295E-33 1.2463E-32 9.7107E-29
Tl205 5.6675E-07 8.7380E-07 2.7231E-07 5.3390E-08 1.2641E-10 1.4530E-10 2.1158E-10 2.8428E-10 4.3596E-10
Tl206 7.1325E-15 2.7821E-14 4.2211E-16 7.4809E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 3.9726E-07 7.6599E-07 1.7740E-07 6.1890E-08 2.5855E-11 3.0459E-11 5.7544E-11 6.6330E-11 1.1308E-10
Pb205 5.9914E-08 1.2633E-07 4.7364E-08 2.9438E-08 1.5613E-20 1.1290E-20 7.6795E-20 6.0348E-20 1.2513E-19
Pb206 2.7819E-06 4.7028E-06 9.6972E-07 1.9438E-07 2.3840E-10 2.7610E-10 4.2131E-10 5.5940E-10 8.9067E-10
Pb207 3.5221E-06 5.8096E-06 8.4256E-07 1.0991E-07 2.6414E-10 3.0503E-10 4.4792E-10 6.0833E-10 9.5425E-10
Pb208 1.0180E-05 2.2142E-05 1.1796E-06 6.4725E-08 7.5866E-10 8.7233E-10 1.2312E-09 1.7181E-09 2.6506E-09
Pb209 4.3075E-14 5.7908E-13 1.3733E-14 1.9816E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 2.9557E-07 6.8125E-07 4.4259E-09 2.0737E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 4.6204E-07 1.0208E-06 3.9538E-08 9.0338E-10 1.0257E-10 1.1703E-10 1.5490E-10 2.2527E-10 3.3686E-10
v=0 km/s - [Fe/H]=-3
H 6.2299E+00 6.9792E+00 8.7877E+00 1.0396E+01 1.5255E-02 2.4287E-02 4.3509E-02 7.5174E-02 2.5930E-01
H2 5.9895E-07 1.3630E-06 5.9452E-06 7.4404E-06 5.9709E-07 9.5057E-07 1.7029E-06 2.9424E-06 1.0149E-05
H3 1.2073E-28 3.1889E-28 4.9491E-19 6.0009E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
He3 2.1307E-04 2.2187E-04 2.4144E-04 2.6175E-04 6.3273E-07 1.0073E-06 1.8046E-06 3.1179E-06 1.0755E-05
He4 4.4480E+00 4.6287E+00 6.6686E+00 8.0598E+00 4.8182E-03 7.6704E-03 1.3741E-02 2.3742E-02 8.1897E-02
Li6 2.7146E-12 6.1778E-12 2.6950E-11 3.3732E-11 2.7063E-12 4.3083E-12 7.7183E-12 1.3336E-11 4.5999E-11
Li7 3.8560E-11 8.7753E-11 3.8281E-10 4.8046E-10 3.8442E-11 6.1200E-11 1.0964E-10 1.8943E-10 6.5343E-10
Be7 4.6802E-15 2.6941E-13 2.0780E-12 3.9197E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Be9 3.2358E-15 7.3558E-15 3.2109E-14 4.0188E-14 3.2228E-15 5.1299E-15 9.1916E-15 1.5881E-14 5.4781E-14
Be10 1.1315E-59 1.3001E-59 1.7890E-59 2.2375E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 4.9483E-14 5.1798E-14 1.5106E-13 2.1432E-13 1.4888E-14 2.3699E-14 4.2461E-14 7.3365E-14 2.5306E-13
B11 3.4529E-12 3.8039E-12 4.5807E-12 5.2590E-12 6.5920E-14 1.0493E-13 1.8800E-13 3.2483E-13 1.1205E-12
C12 1.6522E-01 2.7240E-01 4.1468E-01 5.7206E-01 8.7889E-08 1.3992E-07 2.5066E-07 4.3310E-07 1.4939E-06
C13 9.2665E-07 1.0302E-06 1.3170E-06 1.6073E-06 1.0650E-09 1.6955E-09 3.0375E-09 5.2482E-09 1.8103E-08
C14 5.6931E-10 2.6323E-09 1.0129E-08 3.2946E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
N13 7.2848E-12 5.9854E-12 1.6663E-13 7.4920E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
N14 1.0171E-04 1.0460E-04 1.3598E-04 1.6779E-04 1.3955E-08 2.2216E-08 3.9799E-08 6.8764E-08 2.3720E-07
N15 1.5796E-07 2.8051E-07 1.9809E-08 4.7791E-08 3.4318E-11 5.4631E-11 9.7875E-11 1.6911E-10 5.8330E-10
N16 2.0815E-32 9.7514E-32 3.3451E-29 1.3543E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 1.5956E-14 1.5631E-14 3.8770E-14 5.3238E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O16 2.9046E-01 8.0963E-01 1.4191E+00 2.6144E+00 4.0990E-07 6.5255E-07 1.1691E-06 2.0198E-06 6.9673E-06
O17 1.2309E-06 1.3592E-06 1.3983E-06 9.4893E-07 1.6545E-10 2.6340E-10 4.7188E-10 8.1530E-10 2.8123E-09
O18 7.7730E-06 6.0466E-06 8.3475E-06 2.8251E-06 9.2447E-10 1.4718E-09 2.6366E-09 4.5554E-09 1.5714E-08
O19 3.7400E-27 4.8337E-26 1.3994E-20 3.2835E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 1.9056E-25 1.3630E-24 1.5628E-23 6.2864E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F18 2.0863E-09 1.8371E-09 2.4744E-09 6.4361E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F19 2.9793E-09 3.3888E-09 1.6097E-08 2.9111E-08 1.0194E-11 1.6229E-11 2.9073E-11 5.0232E-11 1.7327E-10
F20 3.5742E-28 1.6581E-28 6.1455E-20 4.9534E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 1.2730E-02 2.5460E-02 4.9120E-01 7.0352E-01 2.3380E-08 3.7222E-08 6.6676E-08 1.1521E-07 3.9741E-07
Ne21 1.0107E-06 2.9615E-06 8.4195E-05 1.5384E-04 5.8847E-11 9.3682E-11 1.6783E-10 2.8997E-10 1.0002E-09
Ne22 3.0246E-05 4.8204E-05 1.0086E-04 1.3671E-04 1.8910E-09 3.0104E-09 5.3932E-09 9.3183E-09 3.2142E-08
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ne23 1.0798E-19 1.2843E-19 2.4730E-16 2.2998E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 1.5201E-16 1.2874E-15 1.6653E-14 2.4163E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 1.7001E-07 4.4278E-07 6.5322E-06 1.1999E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na23 4.0176E-05 7.2272E-05 2.6564E-03 3.2066E-03 5.9063E-10 9.4028E-10 1.6845E-09 2.9105E-09 1.0039E-08
Na24 6.5756E-11 1.1275E-10 2.5835E-07 3.6219E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 3.4427E-16 4.3603E-17 4.6803E-13 1.8408E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.3050E-02 1.8500E-02 9.5506E-02 1.1749E-01 1.9832E-08 3.1573E-08 5.6562E-08 9.7726E-08 3.3710E-07
Mg25 1.2333E-05 1.6014E-05 7.8370E-04 9.0234E-04 2.6153E-09 4.1635E-09 7.4589E-09 1.2887E-08 4.4455E-08
Mg26 1.2388E-05 1.1065E-05 1.3747E-03 1.3827E-03 2.9947E-09 4.7676E-09 8.5409E-09 1.4757E-08 5.0900E-08
Mg27 1.2409E-14 2.5373E-15 6.3311E-12 8.1788E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 5.5731E-20 2.1169E-18 1.5873E-17 1.7795E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 1.7353E-05 2.6311E-05 4.5423E-05 7.2356E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Alg6 7.1823E-08 6.0657E-08 3.9462E-08 3.9013E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Alm6 9.6967E-21 1.3233E-20 5.2199E-25 3.7838E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al27 5.2998E-04 4.7596E-04 2.9283E-03 2.9779E-03 1.1245E-09 1.7901E-09 3.2070E-09 5.5410E-09 1.9113E-08
Al28 4.5231E-13 1.8206E-15 6.7836E-12 2.9312E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 2.2598E-17 8.6329E-23 1.1522E-17 3.2391E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 6.0951E-02 1.1026E-01 8.9752E-02 1.2695E-01 3.1741E-08 5.0532E-08 9.0522E-08 1.5640E-07 5.3952E-07
Si29 3.1293E-04 2.2483E-04 5.8242E-04 6.9551E-04 1.6693E-09 2.6575E-09 4.7608E-09 8.2256E-09 2.8373E-08
Si30 4.7762E-04 1.6213E-04 5.0954E-04 5.1638E-04 1.1383E-09 1.8122E-09 3.2466E-09 5.6094E-09 1.9349E-08
Si31 5.9162E-10 1.2499E-10 1.6256E-09 1.4899E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 1.0183E-11 5.3132E-13 9.9603E-11 6.0285E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 5.6894E-22 6.0272E-22 9.5344E-20 6.2571E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 3.8643E-12 3.0312E-13 2.0287E-11 2.8177E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 1.7165E-04 1.1997E-04 2.2158E-04 2.6216E-04 1.1775E-10 1.8745E-10 3.3582E-10 5.8022E-10 2.0014E-09
P32 5.2080E-08 1.1809E-08 9.4761E-08 6.6416E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P33 4.0116E-08 9.4501E-09 2.3169E-08 2.2266E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 2.6770E-22 2.0605E-28 8.0626E-21 2.3834E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 3.7035E-21 7.0276E-30 5.3209E-23 3.0022E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 2.0204E-02 7.5985E-02 2.4624E-02 3.4476E-02 1.3248E-08 2.1090E-08 3.7782E-08 6.5280E-08 2.2518E-07
S33 1.2421E-04 3.0857E-04 1.5306E-04 2.1616E-04 1.0938E-10 1.7412E-10 3.1194E-10 5.3896E-10 1.8591E-09
S34 5.1620E-04 4.4307E-04 4.0102E-04 4.0463E-04 6.3610E-10 1.0126E-09 1.8142E-09 3.1345E-09 1.0812E-08
S35 2.1285E-08 6.3669E-09 1.1909E-08 1.3001E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S36 9.2242E-09 2.3952E-09 5.1598E-09 5.1331E-09 3.1399E-12 4.9988E-12 8.9551E-12 1.5473E-11 5.3371E-11
S37 1.5200E-21 4.1531E-21 6.2667E-20 6.9543E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 1.7569E-24 2.1813E-24 2.6474E-26 5.8109E-25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 4.6376E-26 4.0490E-29 2.2982E-27 2.5315E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 3.6474E-05 9.7957E-05 4.0398E-05 4.6641E-05 1.2394E-10 1.9731E-10 3.5347E-10 6.1074E-10 2.1066E-09
Cl36 1.2519E-07 1.0633E-07 8.3813E-08 8.8630E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl37 1.5215E-07 1.2385E-07 1.3368E-07 1.5744E-07 4.1875E-11 6.6666E-11 1.1943E-10 2.0635E-10 7.1180E-10
Cl38 4.0318E-15 1.4994E-15 9.0589E-15 2.7075E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 3.6322E-03 1.9322E-02 4.3198E-03 6.2177E-03 2.5307E-09 4.0288E-09 7.2172E-09 1.2470E-08 4.3013E-08
Ar37 8.2444E-06 7.6738E-05 1.0335E-05 1.3784E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar38 2.0090E-04 8.6417E-04 2.2726E-04 1.4299E-04 4.8568E-10 7.7321E-10 1.3852E-09 2.3933E-09 8.2553E-09
Ar39 7.0747E-10 9.6563E-10 9.0888E-10 1.1601E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar40 5.4969E-10 5.4132E-10 7.8004E-10 9.5781E-10 8.1769E-13 1.3017E-12 2.3320E-12 4.0293E-12 1.3899E-11
Ar41 2.5697E-16 2.2465E-16 5.7066E-15 1.5304E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 8.4694E-33 1.8884E-32 2.8340E-36 4.6683E-34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 3.0431E-13 1.2748E-13 1.6708E-12 4.8011E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 2.6936E-05 1.9784E-04 3.3141E-05 2.6143E-05 5.7511E-11 9.1556E-11 1.6402E-10 2.8340E-10 9.7753E-10
K40 5.0750E-09 1.7890E-08 4.7270E-09 5.6456E-09 9.3104E-14 1.4822E-13 2.6553E-13 4.5878E-13 1.5825E-12
K41 2.9426E-09 6.9285E-09 4.8548E-09 6.0762E-09 4.3632E-12 6.9461E-12 1.2444E-11 2.1501E-11 7.4162E-11
K42 2.2172E-13 3.4051E-13 5.3010E-12 1.2235E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 3.2309E-03 1.8593E-02 3.8072E-03 5.9844E-03 2.8065E-09 4.4679E-09 8.0039E-09 1.3830E-08 4.7703E-08
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ca41 1.9783E-06 3.8682E-05 2.4648E-06 2.9650E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca42 5.4615E-06 4.1036E-05 7.6593E-06 3.7491E-06 1.9667E-11 3.1310E-11 5.6091E-11 9.6913E-11 3.3429E-10
Ca43 5.7751E-08 7.8279E-08 4.5200E-08 7.8752E-08 4.2015E-12 6.6886E-12 1.1982E-11 2.0703E-11 7.1411E-11
Ca44 3.8063E-08 5.5623E-08 5.8526E-08 7.1414E-08 6.6429E-11 1.0575E-10 1.8945E-10 3.2734E-10 1.1291E-09
Ca45 5.6108E-12 1.1425E-11 9.6143E-11 1.5827E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca46 7.2477E-11 8.0776E-11 1.1879E-10 1.4970E-10 1.3317E-13 2.1201E-13 3.7980E-13 6.5622E-13 2.2635E-12
Ca47 1.1595E-15 4.0796E-15 5.1519E-14 1.0841E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca48 3.5261E-09 3.9245E-09 5.5500E-09 6.7774E-09 6.4963E-12 1.0342E-11 1.8528E-11 3.2012E-11 1.1042E-10
Ca49 5.7420E-19 5.2732E-19 1.4448E-18 2.1388E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 2.0163E-48 6.2468E-48 1.0461E-52 2.8492E-51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 2.4886E-43 1.8556E-43 7.7239E-44 5.8601E-45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 2.4659E-08 2.1919E-08 1.7867E-08 3.3557E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 2.8087E-10 4.0807E-09 2.9950E-10 2.8592E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 7.7455E-08 9.3127E-07 8.3879E-08 1.2607E-07 9.3929E-13 1.4954E-12 2.6789E-12 4.6285E-12 1.5966E-11
Sc46 1.2263E-11 2.4706E-11 6.1702E-11 1.4561E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc47 7.0705E-13 6.7458E-13 2.5064E-12 6.8331E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc48 5.1187E-12 1.5045E-11 1.5552E-11 3.0664E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 1.8649E-14 4.2380E-14 2.8630E-14 5.1322E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 1.9649E-05 3.1608E-05 1.8386E-05 3.7491E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 2.4322E-08 2.8821E-07 2.5864E-08 3.9700E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 3.6159E-06 2.5186E-05 5.6012E-06 2.3687E-06 9.9724E-12 1.5876E-11 2.8442E-11 4.9141E-11 1.6951E-10
Ti47 3.8173E-07 3.9534E-07 3.1156E-07 4.0160E-07 9.1888E-12 1.4629E-11 2.6207E-11 4.5280E-11 1.5619E-10
Ti48 5.5621E-08 7.3527E-08 8.2544E-08 9.6665E-08 9.2987E-11 1.4803E-10 2.6520E-10 4.5820E-10 1.5805E-09
Ti49 4.3414E-09 5.1294E-09 9.2657E-09 1.3040E-08 6.9660E-12 1.1090E-11 1.9867E-11 3.4326E-11 1.1840E-10
Ti50 3.7710E-09 4.2583E-09 6.7211E-09 8.8807E-09 6.8059E-12 1.0835E-11 1.9410E-11 3.3537E-11 1.1568E-10
Ti51 1.2422E-18 1.4982E-18 2.6231E-17 2.3572E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 7.4837E-51 5.0517E-55 1.0563E-50 7.4844E-51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 1.8876E-50 1.3001E-59 1.2939E-53 8.6475E-56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 8.7900E-11 7.2335E-11 7.2148E-11 1.0062E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 1.2853E-08 6.0505E-08 1.9342E-08 1.2518E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 1.4176E-06 2.6436E-06 1.9835E-06 1.1617E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 7.9943E-11 2.1647E-10 1.6840E-10 2.8738E-10 1.5722E-14 2.5029E-14 4.4838E-14 7.7471E-14 2.6723E-13
V51 3.8133E-09 4.7350E-09 6.1510E-09 7.6254E-09 6.3984E-12 1.0186E-11 1.8248E-11 3.1529E-11 1.0876E-10
V52 2.7661E-18 2.4045E-18 3.9288E-17 3.6984E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 5.5052E-05 7.8123E-05 5.7751E-05 7.6051E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 3.1288E-09 5.7587E-09 4.3185E-09 2.7017E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 8.4472E-06 3.3221E-05 1.4264E-05 3.7367E-06 1.4014E-11 2.2309E-11 3.9967E-11 6.9054E-11 2.3819E-10
Cr51 2.3142E-06 3.3844E-06 3.6148E-06 7.9512E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr52 9.7704E-07 1.4176E-06 1.6545E-06 7.0498E-07 2.8106E-10 4.4743E-10 8.0153E-10 1.3849E-09 4.7772E-09
Cr53 1.7361E-08 1.9442E-08 2.8246E-08 3.5222E-08 3.2481E-11 5.1708E-11 9.2636E-11 1.6006E-10 5.5210E-10
Cr54 5.2438E-09 6.1066E-09 1.0963E-08 1.5123E-08 8.2379E-12 1.3114E-11 2.3494E-11 4.0593E-11 1.4002E-10
Cr55 1.0062E-18 1.2549E-18 3.0730E-17 3.0956E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 1.2453E-59 1.3001E-59 1.7890E-59 2.2375E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 6.1630E-09 7.7695E-09 9.5726E-09 2.1018E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 1.0655E-04 1.7186E-04 1.3563E-04 8.8898E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 2.8273E-05 4.1327E-05 4.1111E-05 1.8117E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 1.4563E-09 2.6905E-09 2.7891E-09 5.7804E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.2845E-07 1.4664E-07 2.2592E-07 2.8944E-07 2.1875E-10 3.4826E-10 6.2386E-10 1.0779E-09 3.7183E-09
Mn56 5.5505E-12 1.7892E-11 3.1831E-11 6.1478E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 1.5855E-21 3.0049E-22 1.1615E-20 2.4296E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 3.1879E-04 5.1604E-04 4.0251E-04 2.6660E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 2.6242E-15 2.4709E-15 4.9726E-14 4.8899E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 4.9877E-04 8.0565E-04 8.2343E-04 1.7367E-04 1.4749E-09 2.3480E-09 4.2065E-09 7.2679E-09 2.5070E-08
Fe55 2.1198E-05 3.0385E-05 3.1426E-05 8.0848E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Fe56 1.8079E-05 2.4967E-05 3.1195E-05 2.7142E-05 2.4010E-08 3.8226E-08 6.8476E-08 1.1832E-07 4.0812E-07
Fe57 3.3748E-07 3.9759E-07 7.4890E-07 1.0648E-06 5.6441E-10 8.9854E-10 1.6097E-09 2.7812E-09 9.5935E-09
Fe58 5.3153E-08 6.5384E-08 1.8427E-07 2.9606E-07 7.6431E-11 1.2168E-10 2.1798E-10 3.7663E-10 1.2991E-09
Fe59 6.9706E-11 1.8319E-10 2.7534E-09 5.7734E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe60 1.6699E-12 4.1548E-12 1.0893E-10 2.3229E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe61 2.7509E-21 2.1472E-21 8.9645E-19 1.1126E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 1.1315E-59 1.3001E-59 1.7890E-59 2.2375E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 8.9644E-05 1.1041E-04 1.3246E-04 3.4540E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 1.3618E-06 1.0449E-06 1.3296E-06 1.0888E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 1.2643E-04 1.0479E-04 1.2613E-04 1.2519E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 5.3415E-09 1.0977E-08 7.8289E-09 1.2513E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 5.3027E-08 6.0766E-08 1.0592E-07 1.4315E-07 8.5200E-11 1.3564E-10 2.4299E-10 4.1984E-10 1.4482E-09
Co60 6.6295E-11 1.2313E-10 5.7381E-10 1.1525E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co61 3.5176E-13 4.7796E-13 1.9007E-12 4.4883E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 7.0000E-02 7.0000E-02 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.3920E-03 1.9792E-03 2.3443E-03 2.3874E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 4.1366E-03 4.3274E-03 4.2724E-03 4.0279E-03 9.6832E-10 1.5415E-09 2.7617E-09 4.7716E-09 1.6459E-08
Ni59 1.3752E-04 8.9430E-05 1.2591E-04 1.1503E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni60 1.5161E-03 1.4818E-03 1.4198E-03 1.7845E-03 3.8586E-10 6.1427E-10 1.1004E-09 1.9014E-09 6.5585E-09
Ni61 4.6386E-05 3.6221E-05 4.0385E-05 4.3623E-05 1.7052E-11 2.7147E-11 4.8634E-11 8.4029E-11 2.8985E-10
Ni62 1.3470E-05 1.0512E-05 1.5266E-05 9.9325E-06 5.5263E-11 8.7977E-11 1.5761E-10 2.7231E-10 9.3931E-10
Ni63 4.1229E-11 8.9916E-11 9.2272E-10 1.7786E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni64 7.9855E-09 8.9602E-09 1.3376E-08 1.6811E-08 1.4527E-11 2.3128E-11 4.1433E-11 7.1587E-11 2.4693E-10
Ni65 1.0092E-13 2.9224E-13 2.0299E-13 4.6242E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 1.1315E-59 1.3001E-59 1.7890E-59 2.2375E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 1.5604E-37 6.0215E-41 1.1209E-34 1.4142E-34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 8.2184E-19 4.9372E-18 1.7592E-18 1.0230E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 3.4289E-08 3.1874E-08 3.2726E-08 3.8288E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 3.6263E-05 2.8396E-05 3.1276E-05 3.4169E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 4.6143E-07 3.5895E-07 5.2735E-07 3.3632E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 8.7132E-07 1.9168E-05 9.5758E-07 9.1797E-06 9.9735E-12 1.5878E-11 2.8444E-11 4.9146E-11 1.6952E-10
Cu64 3.7620E-11 5.3432E-11 5.9487E-11 1.2836E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu65 2.7631E-09 3.1701E-09 5.1576E-09 6.9622E-09 4.5864E-12 7.3017E-12 1.3080E-11 2.2601E-11 7.7957E-11
Cu66 1.1056E-17 3.0734E-17 2.0059E-16 1.4942E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 2.5668E-19 9.7184E-20 5.0276E-20 9.8946E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 6.0395E-22 2.1524E-22 1.8832E-21 7.1294E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 6.3615E-04 5.0655E-04 6.2946E-04 4.8364E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 1.2512E-09 2.7634E-08 1.3797E-09 1.3216E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 8.2438E-06 5.9770E-05 8.7778E-06 5.1156E-05 1.6698E-11 2.6583E-11 4.7624E-11 8.2284E-11 2.8383E-10
Zn65 6.5949E-07 6.1784E-07 5.2511E-07 6.2785E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn66 2.8502E-06 2.0939E-06 2.6752E-06 1.6951E-06 9.8794E-12 1.5728E-11 2.8177E-11 4.8683E-11 1.6793E-10
Zn67 2.0570E-09 2.6713E-09 2.5782E-09 3.5522E-09 1.4738E-12 2.3463E-12 4.2034E-12 7.2625E-12 2.5051E-11
Zn68 3.7841E-09 4.6757E-09 6.2395E-09 8.4061E-09 6.8406E-12 1.0890E-11 1.9510E-11 3.3709E-11 1.1627E-10
Zn69 2.6330E-14 9.1724E-14 8.6137E-14 2.5009E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 1.2600E-10 1.4079E-10 1.9622E-10 2.4043E-10 2.3285E-13 3.7068E-13 6.6408E-13 1.1475E-12 3.9578E-12
Zn71 1.3074E-21 2.7946E-21 1.4454E-19 1.6671E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 1.1315E-59 1.3001E-59 1.7890E-59 2.2375E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 4.4641E-30 2.7351E-29 6.3546E-29 2.0018E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 1.1664E-21 2.0230E-22 3.0206E-22 2.2816E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 1.5650E-13 1.4396E-13 1.2229E-13 1.4180E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 7.2691E-06 5.3314E-06 6.8129E-06 4.2953E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 2.0801E-08 2.9187E-08 1.9256E-08 2.8489E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 1.6635E-12 1.2973E-10 1.8259E-12 1.5998E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 4.1769E-10 5.4099E-10 7.0044E-10 1.0145E-09 6.7201E-13 1.0698E-12 1.9165E-12 3.3114E-12 1.1422E-11
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Ga70 4.5324E-15 1.2157E-14 1.6614E-14 1.6596E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 2.5632E-10 2.9089E-10 4.3733E-10 5.6373E-10 4.5891E-13 7.3058E-13 1.3088E-12 2.2614E-12 7.8005E-12
Ga72 2.2134E-13 5.5676E-13 1.3252E-12 3.5051E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 5.0278E-28 7.0870E-29 2.8917E-28 1.4396E-29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 6.9249E-36 5.4216E-36 9.7129E-38 1.1120E-37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.4284E-06 1.0474E-06 1.3402E-06 8.4379E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 8.8886E-15 1.0857E-14 6.2764E-15 7.5486E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 8.1583E-09 7.9504E-07 9.1689E-09 9.8236E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 6.5238E-12 4.6207E-10 7.7000E-12 7.9908E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 6.5455E-10 2.4818E-09 1.0693E-09 4.3194E-09 9.6292E-13 1.5329E-12 2.7462E-12 4.7449E-12 1.6367E-11
Ge71 5.9996E-12 2.0902E-11 2.0340E-11 5.3198E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge72 7.3142E-10 8.1138E-10 1.1504E-09 1.4367E-09 1.3088E-12 2.0837E-12 3.7328E-12 6.4495E-12 2.2247E-11
Ge73 2.0238E-10 2.2744E-10 3.3448E-10 4.2130E-10 3.7248E-13 5.9297E-13 1.0623E-12 1.8354E-12 6.3310E-12
Ge74 9.7744E-10 1.0991E-09 1.5867E-09 1.9838E-09 1.7721E-12 2.8211E-12 5.0541E-12 8.7323E-12 3.0121E-11
Ge75 2.1242E-14 6.9285E-14 9.9272E-14 2.4411E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 2.0659E-10 2.3089E-10 3.2156E-10 3.9355E-10 3.8176E-13 6.0775E-13 1.0888E-12 1.8812E-12 6.4890E-12
Ge77 2.9863E-14 6.2600E-14 2.8469E-14 8.0962E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 2.1491E-12 1.1740E-10 3.3406E-13 1.7703E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 1.1362E-12 2.5862E-12 4.6400E-13 1.2886E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 4.7025E-12 9.6546E-12 4.8115E-12 9.5299E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 8.3986E-13 1.5409E-12 6.2430E-13 1.1066E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 1.2494E-10 1.4262E-10 2.0029E-10 2.5452E-10 2.2113E-13 3.5204E-13 6.3066E-13 1.0897E-12 3.7587E-12
As76 7.6969E-13 1.7427E-12 2.4231E-12 5.4588E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 7.1780E-13 1.2415E-12 1.1083E-12 2.7488E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 2.5689E-11 1.5485E-10 4.1803E-11 2.8675E-10 2.1292E-14 3.3896E-14 6.0723E-14 1.0492E-13 3.6191E-13
Se75 3.2118E-12 9.8192E-12 5.0921E-12 1.4063E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se76 1.5643E-10 1.7773E-10 2.5493E-10 3.3395E-10 2.3022E-13 3.6649E-13 6.5660E-13 1.1345E-12 3.9132E-12
Se77 1.0239E-10 1.1581E-10 1.6638E-10 2.0888E-10 1.8994E-13 3.0237E-13 5.4170E-13 9.3593E-13 3.2284E-12
Se78 3.3883E-10 3.8384E-10 5.7183E-10 7.3462E-10 5.9939E-13 9.5422E-13 1.7095E-12 2.9536E-12 1.0188E-11
Se79 8.9103E-13 2.1511E-12 1.5555E-11 2.8417E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se80 6.9004E-10 7.6973E-10 1.0624E-09 1.2952E-09 1.2831E-12 2.0426E-12 3.6593E-12 6.3225E-12 2.1809E-11
Se81 1.7362E-16 6.6984E-16 9.8162E-16 2.8864E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.2640E-10 1.4204E-10 1.9957E-10 2.4658E-10 2.3143E-13 3.6844E-13 6.6002E-13 1.1404E-12 3.9336E-12
Se83 2.7822E-17 8.6065E-17 2.5923E-17 8.5726E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 9.5733E-15 8.7005E-14 1.2690E-15 1.4451E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 1.6418E-13 5.0710E-13 9.5093E-14 3.3425E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 8.9649E-13 2.4511E-12 9.6956E-13 2.2283E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 8.5858E-18 5.4481E-18 3.1407E-17 6.5263E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.0520E-10 1.1856E-10 1.5281E-10 1.8608E-10 2.0518E-13 3.2664E-13 5.8518E-13 1.0111E-12 3.4874E-12
Br80 1.4510E-15 2.0973E-15 3.3707E-15 1.7714E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 1.1645E-10 1.3345E-10 1.8348E-10 2.2703E-10 2.0465E-13 3.2581E-13 5.8364E-13 1.0084E-12 3.4785E-12
Br82 5.7768E-13 1.3586E-12 1.1784E-12 2.4173E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 2.2340E-13 3.8673E-13 1.5836E-13 2.8735E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 5.4570E-12 1.4965E-11 9.2883E-12 2.7801E-11 7.4197E-15 1.1812E-14 2.1162E-14 3.6562E-14 1.2612E-13
Kr79 2.4325E-13 9.4805E-13 7.0102E-13 1.8548E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 4.3992E-11 5.7572E-11 7.8941E-11 1.1485E-10 4.8898E-14 7.7846E-14 1.3945E-13 2.4095E-13 8.3113E-13
Kr81 4.5772E-12 7.1574E-12 1.2588E-11 1.8499E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr82 1.5639E-10 1.8337E-10 2.8800E-10 3.8241E-10 2.5114E-13 3.9981E-13 7.1624E-13 1.2375E-12 4.2689E-12
Kr83 1.3144E-10 1.4885E-10 2.1527E-10 2.7643E-10 2.5182E-13 4.0090E-13 7.1818E-13 1.2409E-12 4.2803E-12
Kr84 6.8739E-10 7.7369E-10 1.1030E-09 1.3791E-09 1.2560E-12 1.9996E-12 3.5823E-12 6.1894E-12 2.1349E-11
Kr85 9.5326E-13 2.0165E-12 1.1230E-11 2.0323E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr86 2.1429E-10 2.4170E-10 3.4387E-10 4.2873E-10 3.8888E-13 6.1910E-13 1.1091E-12 1.9163E-12 6.6099E-12
Kr87 2.2899E-16 4.3882E-16 4.6545E-16 1.4180E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 1.0892E-17 6.6775E-18 3.4918E-19 5.4644E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Rb80 5.7493E-26 7.6111E-29 1.5258E-26 1.8487E-27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 2.4865E-14 7.3545E-14 1.8087E-14 5.9077E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 3.7080E-14 1.1438E-13 3.3432E-14 9.5286E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 6.5164E-13 2.5306E-12 1.7119E-12 3.8628E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 1.9403E-13 6.4462E-13 4.0154E-13 8.8956E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 1.6642E-10 1.8924E-10 2.5443E-10 3.1302E-10 2.9465E-13 4.6908E-13 8.4033E-13 1.4520E-12 5.0084E-12
Rb86 1.7537E-12 3.8805E-12 5.5043E-12 9.2247E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb87 7.0898E-11 7.9656E-11 1.1216E-10 1.4063E-10 1.2412E-13 1.9759E-13 3.5399E-13 6.1161E-13 2.1097E-12
Rb88 1.0424E-17 3.3906E-17 1.3901E-17 5.1081E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 5.5796E-12 1.5488E-11 1.0404E-11 1.9750E-11 5.1346E-15 8.1741E-15 1.4644E-14 2.5301E-14 8.7274E-14
Sr85 3.1181E-13 1.0462E-12 8.7644E-13 2.1962E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr86 7.2855E-11 9.2439E-11 1.5498E-10 2.2326E-10 9.2962E-14 1.4799E-13 2.6513E-13 4.5809E-13 1.5801E-12
Sr87 3.9748E-11 4.8528E-11 8.0241E-11 1.1512E-10 6.5723E-14 1.0463E-13 1.8744E-13 3.2385E-13 1.1171E-12
Sr88 4.4864E-10 5.0562E-10 7.3229E-10 9.3211E-10 7.9702E-13 1.2688E-12 2.2731E-12 3.9274E-12 1.3547E-11
Sr89 1.0628E-13 2.3523E-13 1.5136E-12 2.6853E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr90 7.2656E-15 1.4118E-14 7.7436E-14 1.5472E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 1.1866E-17 1.8262E-17 1.7422E-16 4.3569E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 6.1946E-16 1.5586E-15 1.7112E-16 5.9772E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 4.0701E-15 1.6015E-14 5.0560E-15 1.8619E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 7.7135E-14 4.1220E-13 2.0875E-13 6.1785E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 1.3840E-13 6.6863E-13 4.3748E-13 1.2125E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 1.2160E-10 1.4097E-10 1.9727E-10 2.5493E-10 2.1329E-13 3.3956E-13 6.0832E-13 1.0511E-12 3.6253E-12
Y90 5.9761E-14 1.3438E-13 2.7320E-13 5.7591E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 3.9853E-14 8.4219E-14 1.1837E-13 2.5481E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 1.5033E-10 1.9300E-10 2.4388E-10 3.1894E-10 2.6016E-13 4.1414E-13 7.4195E-13 1.2819E-12 4.4220E-12
Zr91 3.1547E-11 3.5717E-11 5.1686E-11 6.5173E-11 5.7361E-14 9.1319E-14 1.6360E-13 2.8266E-13 9.7501E-13
Zr92 4.9221E-11 5.6044E-11 7.9954E-11 1.0093E-10 8.8642E-14 1.4112E-13 2.5281E-13 4.3680E-13 1.5067E-12
Zr93 6.7657E-13 1.0691E-12 3.6014E-12 5.9844E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr94 4.9837E-11 5.5979E-11 7.8383E-11 9.6975E-11 9.1783E-14 1.4612E-13 2.6177E-13 4.5228E-13 1.5601E-12
Zr95 4.1634E-14 8.8306E-14 6.6103E-13 1.1132E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr96 2.5465E-14 5.3602E-14 2.9995E-13 4.8516E-13 1.5101E-14 2.4041E-14 4.3070E-14 7.4415E-14 2.5669E-13
Zr97 4.2556E-18 5.5873E-18 1.1671E-16 2.1895E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 8.7043E-14 3.4916E-13 2.0374E-13 4.5284E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 2.0227E-14 4.8187E-14 1.8243E-14 3.7663E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 2.0079E-11 2.2104E-11 2.8742E-11 3.4112E-11 3.9635E-14 6.3097E-14 1.1304E-13 1.9531E-13 6.7368E-13
Nb94 2.0370E-14 3.9767E-14 3.3475E-14 3.1247E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb95 2.3399E-14 4.0321E-14 1.1825E-13 1.6844E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb96 1.6127E-15 2.3264E-15 8.4841E-15 1.7186E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 1.9649E-16 2.3032E-16 1.6846E-16 4.1703E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 8.9663E-12 1.0698E-11 1.3762E-11 1.8025E-11 1.4979E-14 2.3847E-14 4.2721E-14 7.3813E-14 2.5461E-13
Mo93 6.9925E-14 1.5021E-13 2.1790E-13 3.9379E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo94 7.3690E-12 9.3116E-12 1.2779E-11 1.6563E-11 9.6423E-15 1.5351E-14 2.7500E-14 4.7515E-14 1.6390E-13
Mo95 9.2196E-12 1.0385E-11 1.4493E-11 1.7743E-11 1.6866E-14 2.6850E-14 4.8102E-14 8.3110E-14 2.8668E-13
Mo96 1.8589E-11 2.1686E-11 3.0272E-11 3.8387E-11 1.7941E-14 2.8562E-14 5.1168E-14 8.8407E-14 3.0495E-13
Mo97 5.8562E-12 6.6100E-12 9.6452E-12 1.2128E-11 1.0437E-14 1.6616E-14 2.9767E-14 5.1432E-14 1.7741E-13
Mo98 1.5052E-11 1.7206E-11 2.5196E-11 3.2226E-11 2.6794E-14 4.2655E-14 7.6417E-14 1.3203E-13 4.5543E-13
Xe132 4.9144E-11 5.5562E-11 7.7798E-11 9.6929E-11 8.9874E-14 1.4308E-13 2.5633E-13 4.4287E-13 1.5277E-12
Xe133 4.6072E-14 1.0679E-13 3.6825E-13 7.4673E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Xe134 1.8344E-11 2.0620E-11 2.8604E-11 3.5169E-11 3.3688E-14 5.3630E-14 9.6081E-14 1.6600E-13 5.7262E-13
Xe135 4.3930E-15 8.6046E-15 7.4174E-15 1.8059E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 1.2208E-11 1.3608E-11 1.8445E-11 2.2414E-11 2.3628E-14 3.7618E-14 6.7391E-14 1.1644E-13 4.0162E-13
Cs134 1.3481E-14 3.7518E-14 1.4351E-13 2.8083E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs135 1.0025E-13 1.5390E-13 4.7875E-13 8.3329E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs136 3.5756E-15 6.9257E-15 5.1647E-14 1.0468E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Cs137 2.5299E-15 4.2222E-15 2.3913E-14 5.3852E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 5.9435E-23 2.5758E-23 1.7780E-22 4.8199E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 5.5802E-12 6.8418E-12 1.0706E-11 1.4113E-11 7.2438E-15 1.1532E-14 2.0659E-14 3.5696E-14 1.2313E-13
Ba135 1.0139E-11 1.1302E-11 1.5454E-11 1.8857E-11 1.9904E-14 3.1687E-14 5.6767E-14 9.8080E-14 3.3832E-13
Ba136 1.4565E-11 1.7419E-11 2.7164E-11 3.6837E-11 2.3891E-14 3.8034E-14 6.8133E-14 1.1772E-13 4.0608E-13
Ba137 1.8732E-11 2.1060E-11 3.0542E-11 3.8552E-11 3.4416E-14 5.4791E-14 9.8155E-14 1.6960E-13 5.8500E-13
Ba138 1.2212E-10 1.3834E-10 1.9836E-10 2.4933E-10 2.2129E-13 3.5229E-13 6.3112E-13 1.0904E-12 3.7615E-12
Ba139 1.4090E-17 1.8885E-17 1.2381E-17 2.0618E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.2945E-14 1.4747E-14 1.9634E-14 2.4138E-14 2.3361E-17 3.7193E-17 6.6631E-17 1.1512E-16 3.9709E-16
La139 1.4250E-11 1.6159E-11 2.3073E-11 2.8926E-11 2.5835E-14 4.1129E-14 7.3681E-14 1.2731E-13 4.3912E-13
La140 1.4063E-16 2.1799E-16 4.2521E-16 7.8957E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 3.8382E-11 4.3519E-11 6.1640E-11 7.7061E-11 6.9570E-14 1.1075E-13 1.9841E-13 3.4282E-13 1.1825E-12
Ce141 4.8415E-15 1.0186E-14 3.7798E-14 5.2302E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pr141 5.8888E-12 6.6666E-12 9.1052E-12 1.1245E-11 1.0935E-14 1.7408E-14 3.1186E-14 5.3883E-14 1.8586E-13
Pr142 9.3102E-16 1.6165E-15 2.0033E-14 3.0072E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 8.8895E-12 1.0842E-11 1.5010E-11 1.9755E-11 1.4926E-14 2.3762E-14 4.2570E-14 7.3552E-14 2.5370E-13
Nd143 3.4292E-12 3.7949E-12 5.1450E-12 6.2330E-12 6.6825E-15 1.0638E-14 1.9059E-14 3.2929E-14 1.1358E-13
Nd144 7.3414E-12 8.2378E-12 1.1533E-11 1.4160E-11 1.3281E-14 2.1143E-14 3.7878E-14 6.5444E-14 2.2574E-13
Hg202 7.4241E-12 8.4312E-12 1.2310E-11 1.5552E-11 1.3184E-14 2.0988E-14 3.7600E-14 6.4964E-14 2.2409E-13
Hg203 4.6866E-15 9.3823E-15 2.2893E-14 5.1876E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Hg204 1.6464E-12 1.8333E-12 2.5037E-12 3.0304E-12 3.0633E-15 4.8766E-15 8.7363E-15 1.5095E-14 5.2068E-14
Hg205 2.3068E-21 2.2826E-21 1.0555E-20 9.5638E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 3.8204E-12 4.3078E-12 6.4128E-12 8.1646E-12 7.0350E-15 1.1199E-14 2.0063E-14 3.4666E-14 1.1957E-13
Tl204 6.0466E-15 1.5550E-14 4.5825E-14 1.0136E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl205 9.2120E-12 1.0303E-11 1.4451E-11 1.7741E-11 1.6958E-14 2.6998E-14 4.8366E-14 8.3565E-14 2.8825E-13
Tl206 4.2106E-21 7.6736E-21 4.3089E-20 4.6013E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 2.0805E-12 2.5288E-12 3.8414E-12 5.1791E-12 3.3854E-15 5.3893E-15 9.6550E-15 1.6682E-14 5.7542E-14
Pb205 1.9930E-14 4.6389E-14 2.4574E-13 4.6335E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb206 1.7650E-11 2.0093E-11 2.8733E-11 3.6260E-11 3.1809E-14 5.0640E-14 9.0717E-14 1.5675E-13 5.4066E-13
Pb207 1.9359E-11 2.1742E-11 3.1156E-11 3.8782E-11 3.5371E-14 5.6310E-14 1.0088E-13 1.7429E-13 6.0121E-13
Pb208 5.5795E-11 6.2846E-11 8.9565E-11 1.1163E-10 1.0173E-13 1.6196E-13 2.9014E-13 5.0130E-13 1.7292E-12
Pb209 1.8203E-19 2.3030E-19 5.8527E-20 9.7038E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 1.9753E-13 4.4026E-13 3.4310E-13 6.0546E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 7.5343E-12 8.4604E-12 1.1997E-11 1.4867E-11 1.3795E-14 2.1962E-14 3.9345E-14 6.7979E-14 2.3449E-13
v=150 km/s - [Fe/H]=-3
H 4.8816E+00 5.4521E+00 7.1643E+00 8.6127E+00 1.5916E+00 1.1064E+01 1.3083E+01 1.8750E+01 2.5214E+01
H2 9.0905E-17 2.5689E-16 3.4379E-14 4.4339E-13 2.6562E-12 1.6584E-12 2.8591E-11 3.4048E-11 1.9812E-08
H3 1.9103E-24 3.5869E-22 1.1219E-18 6.0629E-17 7.5433E-16 1.2748E-15 5.1396E-15 1.0241E-14 4.2330E-13
He3 1.0094E-04 1.1336E-04 1.1618E-04 1.3289E-04 1.7542E-05 8.5062E-05 1.3071E-04 2.0072E-04 4.3611E-04
He4 3.8190E+00 4.4353E+00 5.6374E+00 6.8167E+00 7.2064E-01 4.3325E+00 4.9812E+00 7.5373E+00 1.9987E+01
Li6 1.1273E-13 3.9435E-13 2.1200E-13 4.1551E-13 1.0178E-13 6.1044E-14 5.5654E-14 7.6421E-14 4.4804E-13
Li7 1.1521E-10 1.8868E-10 5.6831E-11 5.8408E-11 4.2562E-12 5.6033E-09 1.2775E-09 4.3270E-10 4.3995E-11
Be7 3.4101E-13 4.6023E-13 1.2108E-12 2.2104E-13 6.1917E-18 9.3458E-10 8.7687E-10 4.1409E-10 2.4021E-10
Be9 2.0650E-16 5.8814E-16 3.7538E-16 6.0418E-16 2.0535E-16 1.2436E-16 9.8808E-17 1.2564E-16 7.9029E-16
Be10 9.5182E-60 1.1088E-59 1.5258E-59 1.9769E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 1.2078E-15 3.1081E-15 2.1353E-15 3.1275E-15 1.2049E-15 7.2432E-16 5.4552E-16 6.8193E-16 4.3843E-15
B11 4.0966E-13 6.3295E-13 4.0374E-13 3.7650E-13 3.7211E-14 3.9368E-14 4.5193E-14 1.1834E-13 8.3232E-13
C12 2.7363E-01 3.7498E-01 5.4936E-01 6.2289E-01 8.4774E-06 7.0326E-06 1.1181E-05 1.8027E-05 4.3830E-05
C13 2.9596E-04 7.2642E-05 3.7099E-04 2.1946E-04 2.0481E-06 1.4866E-06 2.1008E-06 3.4122E-06 6.9201E-06
C14 1.7046E-03 9.9374E-04 3.4495E-03 5.7895E-03 5.7047E-13 1.7129E-26 1.7461E-27 2.5575E-27 6.1847E-25
N13 4.6227E-13 2.7645E-13 6.2081E-12 1.2618E-11 3.4976E-26 7.4273E-35 5.0840E-21 1.2494E-19 1.0856E-14
N14 3.1241E-02 1.6648E-02 4.8963E-02 7.9044E-02 9.5140E-05 1.7035E-04 2.0075E-04 3.3643E-04 1.3995E-03
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
N15 6.9534E-04 6.1804E-05 5.7642E-04 1.7520E-03 2.0693E-09 3.8706E-09 4.9378E-09 8.1839E-09 3.0584E-08
N16 7.8191E-25 1.2356E-29 1.0317E-23 3.0696E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 5.7113E-17 2.5057E-16 2.4829E-15 1.6372E-14 1.2109E-28 6.1388E-36 6.3352E-22 1.8353E-20 2.3637E-15
O16 1.4478E+00 2.0122E+00 3.1152E+00 4.6041E+00 4.4111E-05 2.1155E-04 2.4303E-04 3.0047E-04 3.2908E-04
O17 4.5044E-04 1.7522E-05 3.4817E-04 4.5333E-04 1.1034E-07 7.9424E-07 7.0760E-07 8.6201E-07 2.9029E-07
O18 1.1001E-02 2.3629E-04 1.0496E-02 1.0061E-01 1.6436E-08 7.3380E-08 1.3399E-07 2.0470E-07 3.8109E-07
O19 1.4689E-22 4.9030E-23 3.9879E-18 2.7364E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 4.6045E-19 6.2096E-19 2.0659E-17 8.5179E-16 1.6824E-31 0.0000E+00 6.2392E-26 2.1820E-24 9.8733E-18
F18 5.2261E-07 1.7659E-06 3.1999E-08 8.9268E-07 1.1554E-32 9.9082E-40 1.1473E-26 4.1014E-25 3.7779E-18
F19 1.0034E-04 1.5285E-03 1.0243E-03 2.0963E-04 5.3674E-10 4.8942E-09 5.9536E-09 7.2215E-09 6.2010E-09
F20 7.8036E-20 9.4081E-24 1.2289E-16 2.3679E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 5.4796E-02 4.8063E-02 1.0717E-01 4.5822E-01 2.2338E-06 1.5422E-05 1.7957E-05 2.4428E-05 2.5404E-05
Ne21 1.1578E-04 4.6871E-04 1.1095E-03 5.6387E-04 5.1172E-09 3.2591E-08 3.6133E-08 4.4448E-08 3.7955E-08
Ne22 1.1919E-02 3.8856E-02 5.8598E-02 8.3076E-02 1.1111E-07 8.1713E-07 1.0469E-06 1.3815E-06 1.7838E-06
Ne23 1.0976E-17 3.9375E-17 7.9343E-14 3.9314E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 8.3958E-15 3.7551E-14 2.0988E-15 1.7725E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 9.6820E-07 1.8904E-06 2.5351E-06 3.9812E-06 6.8589E-33 1.5130E-30 4.4761E-28 7.0394E-27 7.6913E-18
Na23 1.4395E-04 1.9657E-04 5.7820E-04 1.9045E-03 3.0215E-07 1.8045E-06 1.8367E-06 2.7053E-06 2.5403E-06
Na24 2.5523E-08 2.8829E-09 2.0318E-08 5.1606E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 2.6547E-16 3.8440E-15 2.0540E-16 6.7059E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.9996E-02 1.1888E-02 5.1969E-02 1.1262E-01 2.6333E-06 1.7332E-05 1.9604E-05 2.8375E-05 2.8224E-05
Mg25 2.5337E-04 1.5434E-03 5.4225E-03 2.0341E-03 1.9228E-07 1.3607E-06 1.5547E-06 1.9263E-06 1.6942E-06
Mg26 1.6771E-04 2.3779E-04 4.6688E-03 2.2091E-03 2.4472E-07 1.6733E-06 1.9459E-06 2.5353E-06 3.0078E-06
Mg27 5.6471E-15 1.9813E-14 1.6384E-12 3.7305E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 8.6783E-17 9.3169E-17 1.0698E-18 4.3841E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 2.5881E-05 3.9944E-05 7.1140E-05 1.0772E-04 3.3722E-09 3.6879E-09 8.4428E-09 2.2442E-08 1.2736E-07
Alg6 1.1450E-08 1.2473E-07 1.4714E-07 4.8941E-08 3.3722E-09 3.6879E-09 8.4428E-09 2.2442E-08 1.2736E-07
Alm6 3.0179E-17 7.1413E-13 6.6544E-11 8.6801E-18 1.4789E-41 0.0000E+00 6.8144E-32 2.8996E-30 1.6915E-24
Al27 6.5771E-04 3.0186E-04 1.8085E-03 4.6636E-03 2.6654E-07 1.7577E-06 2.7433E-06 5.3656E-06 1.5025E-05
Al28 4.7942E-16 1.4513E-16 4.7372E-14 1.4736E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 6.2252E-21 7.7834E-20 4.0112E-21 1.0794E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 7.7242E-02 1.8139E-01 1.6201E-01 2.0329E-01 3.8430E-06 2.5019E-05 2.9988E-05 4.5609E-05 1.2669E-04
Si29 3.2220E-04 3.5801E-04 9.5138E-04 1.6007E-03 1.7405E-07 1.1899E-06 1.3822E-06 1.9295E-06 2.0976E-06
Si30 2.1930E-04 1.4587E-04 8.2270E-04 1.5900E-03 1.4984E-07 9.6604E-07 1.1479E-06 1.7553E-06 4.2820E-06
Si31 4.3858E-10 7.0894E-11 9.2612E-10 6.5615E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 1.7022E-11 5.7581E-13 1.0617E-11 3.7913E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 3.5582E-21 1.9907E-20 7.6291E-21 2.3248E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 6.4681E-14 1.0774E-13 8.6788E-13 5.0209E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 1.1802E-04 2.5323E-04 3.4595E-04 5.7187E-04 1.3745E-08 9.0944E-08 1.0661E-07 1.5548E-07 2.7710E-07
P32 2.2956E-08 2.6449E-08 9.6882E-08 2.1500E-07 3.7276E-43 5.1434E-41 4.5144E-38 2.6110E-37 7.9874E-36
P33 1.9652E-08 2.1944E-08 8.0351E-08 9.2839E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 1.9416E-24 6.3849E-26 1.0177E-19 9.7743E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 1.0986E-27 3.9628E-26 7.1845E-27 8.2497E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 3.3158E-02 1.3275E-01 5.6610E-02 6.4506E-02 1.5259E-06 1.0160E-05 1.1921E-05 1.7347E-05 2.9829E-05
S33 1.6589E-04 7.3349E-04 3.1250E-04 4.1657E-04 1.2606E-08 8.3884E-08 9.8421E-08 1.4322E-07 2.4647E-07
S34 2.5036E-04 1.5255E-03 6.9278E-04 1.0874E-03 7.3269E-08 4.8785E-07 5.7239E-07 8.3293E-07 1.4324E-06
S35 1.4066E-08 4.0111E-08 3.3606E-08 4.9748E-08 5.5443E-42 3.2038E-39 5.9596E-37 3.4193E-36 9.7440E-35
S36 2.0127E-08 4.2067E-09 1.3695E-08 1.8219E-08 3.6166E-10 2.4082E-09 2.8255E-09 4.1117E-09 7.0702E-09
S37 8.6892E-23 1.2186E-21 2.7063E-19 1.5179E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 7.9048E-24 2.1829E-24 2.4388E-26 1.5108E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 4.2333E-26 4.9182E-26 5.3603E-27 1.6086E-25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 3.8435E-05 3.8040E-04 7.0344E-05 9.9330E-05 1.4276E-08 9.5056E-08 1.1153E-07 1.6229E-07 2.7907E-07
Cl36 1.4916E-07 4.3031E-07 1.7514E-07 2.7315E-07 8.8550E-14 8.9556E-23 7.2057E-21 1.3525E-16 1.9779E-12
Cl37 3.8239E-07 6.4487E-07 4.1382E-07 6.1490E-07 4.8291E-09 3.2116E-08 3.7681E-08 5.4834E-08 9.4411E-08
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Cl38 1.9853E-13 4.8576E-14 2.3130E-13 1.5410E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 6.6583E-03 2.7260E-02 1.0723E-02 1.2235E-02 2.9149E-07 1.9409E-06 2.2773E-06 3.3139E-06 5.6979E-06
Ar37 1.9088E-05 1.5185E-04 2.8094E-05 3.1161E-05 2.9586E-18 2.2162E-27 4.2118E-28 6.3759E-28 4.9674E-26
Ar38 1.5973E-04 2.0195E-03 3.1125E-04 4.2323E-04 5.5942E-08 3.7250E-07 4.3704E-07 6.3598E-07 1.0936E-06
Ar39 1.5240E-08 2.1061E-08 1.8103E-08 7.6511E-09 2.6934E-20 1.0708E-32 1.9075E-32 9.4481E-32 2.4781E-30
Ar40 5.5748E-09 4.8115E-09 1.9429E-08 3.8020E-09 9.4194E-11 6.2712E-10 7.3578E-10 1.0707E-09 1.8414E-09
Ar41 7.9048E-14 1.1892E-14 1.3302E-13 1.5496E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 5.6283E-31 1.1165E-32 1.0508E-34 4.7892E-33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 1.1074E-13 1.4075E-12 1.4082E-13 2.4220E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 3.8725E-05 5.3711E-04 5.9450E-05 6.9628E-05 6.6245E-09 4.4108E-08 5.1752E-08 7.5307E-08 1.2950E-07
K40 2.5301E-08 1.3614E-07 1.1969E-08 2.0170E-08 1.0824E-11 7.1202E-11 8.3593E-11 1.2169E-10 2.1261E-10
K41 1.8912E-08 1.6045E-08 1.2020E-08 1.6840E-08 5.0266E-10 3.3464E-09 3.9262E-09 5.7134E-09 9.8281E-09
K42 1.1196E-10 1.3168E-11 6.8851E-11 1.1760E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 6.0256E-03 1.5407E-02 9.7927E-03 1.1555E-02 3.2326E-07 2.1523E-06 2.5253E-06 3.6748E-06 6.3189E-06
Ca41 9.2135E-06 3.1898E-05 7.4971E-06 8.1842E-06 2.4192E-12 8.9224E-21 1.7630E-19 2.7316E-15 2.1087E-11
Ca42 5.6227E-06 9.7252E-05 9.4513E-06 1.2406E-05 2.2671E-09 1.5084E-08 1.7698E-08 2.5753E-08 4.4329E-08
Ca43 9.1733E-08 2.4093E-07 8.0352E-08 1.2581E-07 4.8418E-10 3.2223E-09 3.7806E-09 5.5015E-09 9.4714E-09
Ca44 8.9689E-08 1.4581E-07 1.5440E-07 2.1547E-07 7.6518E-09 5.0947E-08 5.9777E-08 8.6984E-08 1.4961E-07
Ca45 1.8201E-09 2.8877E-09 1.7971E-08 4.2991E-09 2.8800E-41 1.9619E-38 3.0642E-36 1.7584E-35 5.0831E-34
Ca46 1.3603E-09 1.2243E-09 3.0738E-08 7.4376E-10 1.5339E-11 1.0213E-10 1.1983E-10 1.7438E-10 2.9985E-10
Ca47 3.0443E-12 9.5108E-12 8.6620E-09 5.5795E-12 0.0000E+00 0.0000E+00 1.1634E-40 6.6130E-40 1.8680E-38
Ca48 3.1380E-09 3.6580E-09 6.2934E-09 6.0735E-09 7.4827E-10 4.9825E-09 5.8458E-09 8.5068E-09 1.4628E-08
Ca49 4.0796E-20 3.9953E-19 1.4329E-18 3.1598E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 4.7816E-44 1.4578E-47 7.6797E-48 7.1742E-47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 1.5328E-38 4.4895E-40 5.4433E-41 3.6883E-40 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 2.4348E-08 4.9742E-08 2.1547E-08 3.3201E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 4.1344E-09 2.0611E-08 8.2796E-10 9.0205E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 1.8785E-07 7.3043E-07 2.3363E-07 3.4162E-07 1.0825E-10 7.2039E-10 8.4522E-10 1.2300E-09 2.1197E-09
Sc46 9.1070E-10 1.5418E-09 1.7801E-09 3.0418E-09 4.5285E-42 2.5245E-39 4.8407E-37 2.7773E-36 9.5618E-35
Sc47 4.5687E-11 1.2556E-10 1.8246E-09 3.0191E-10 0.0000E+00 0.0000E+00 8.8657E-41 5.0394E-40 1.4206E-38
Sc48 1.4859E-11 2.4463E-11 6.1982E-11 5.2442E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 1.5549E-14 6.2986E-14 1.1376E-13 4.0491E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 2.8139E-05 2.4758E-05 3.5527E-05 4.8108E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 5.3744E-08 2.2962E-07 7.0066E-08 9.9397E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 2.9215E-06 2.7128E-05 5.4119E-06 7.0668E-06 1.1487E-09 7.6483E-09 8.9737E-09 1.3058E-08 2.2464E-08
Ti47 3.1905E-07 5.9239E-07 2.9819E-07 5.2240E-07 1.0584E-09 7.0473E-09 8.2686E-09 1.2032E-08 2.0692E-08
Ti48 6.3721E-08 1.0423E-07 7.6532E-08 1.0219E-07 1.0710E-08 7.1316E-08 8.3673E-08 1.2176E-07 2.0937E-07
Ti49 1.1347E-08 1.2765E-08 2.2328E-08 2.9970E-08 8.0270E-10 5.3426E-09 6.2683E-09 9.1216E-09 1.5690E-08
Ti50 2.3389E-08 2.3713E-08 5.9590E-08 5.1645E-08 7.8418E-10 5.2197E-09 6.1243E-09 8.9119E-09 1.5335E-08
Ti51 2.1903E-19 7.0581E-18 4.9151E-17 7.1756E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 1.1928E-51 3.5473E-51 1.7961E-54 2.8667E-46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 1.1372E-57 1.7044E-57 2.1597E-58 2.3338E-51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 9.9705E-11 3.2198E-10 7.8307E-11 1.2842E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 2.3768E-08 1.1630E-07 1.9385E-08 2.3353E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 1.7861E-06 2.7241E-06 2.1246E-06 1.9044E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 5.1527E-10 1.2211E-09 4.0479E-10 8.1319E-10 1.8108E-12 1.2058E-11 1.4147E-11 2.0587E-11 3.5399E-11
V51 5.4219E-09 5.7987E-09 9.3130E-09 9.9917E-09 7.3699E-10 4.9073E-09 5.7576E-09 8.3782E-09 1.4407E-08
V52 6.4392E-19 5.3602E-19 2.1824E-17 3.2373E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 7.5743E-05 7.1417E-05 9.9108E-05 1.0636E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 3.8508E-09 7.7042E-09 4.6386E-09 4.1543E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 6.2710E-06 3.4518E-05 8.6819E-06 1.1026E-05 1.6140E-09 1.0748E-08 1.2610E-08 1.8350E-08 3.1553E-08
Cr51 2.3275E-06 4.0480E-06 1.7230E-06 1.3088E-06 1.8030E-19 1.5997E-28 3.1548E-29 5.2160E-29 6.4333E-27
Cr52 7.9262E-07 2.0800E-06 1.0891E-06 1.0752E-06 3.2372E-08 2.1554E-07 2.5291E-07 3.6800E-07 6.3280E-07
Cr53 1.5229E-08 1.7698E-08 2.3061E-08 2.8270E-08 3.7413E-09 2.4912E-08 2.9229E-08 4.2534E-08 7.3134E-08
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Cr54 1.5261E-08 1.9368E-08 3.0417E-08 3.9660E-08 9.4934E-10 6.3180E-09 7.4127E-09 1.0787E-08 1.8558E-08
Cr55 9.3256E-20 1.7160E-18 1.5105E-17 3.2328E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 9.5182E-60 1.1088E-59 1.5258E-59 1.9769E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 6.0077E-09 9.2213E-09 4.2934E-09 3.0363E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 1.3913E-04 1.8428E-04 1.9345E-04 1.5226E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 3.3142E-05 4.6132E-05 4.0299E-05 3.2733E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 1.8839E-09 5.3334E-09 1.4613E-09 1.9480E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 9.8190E-08 1.1297E-07 1.4024E-07 1.7581E-07 2.5198E-08 1.6777E-07 1.9683E-07 2.8643E-07 4.9253E-07
Mn56 4.4973E-11 8.7754E-11 7.3453E-11 1.5807E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 8.6049E-25 8.8655E-24 3.6251E-23 5.3880E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 4.2065E-04 5.5335E-04 5.8414E-04 4.6037E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 7.3928E-14 2.1738E-12 1.7666E-13 1.3042E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 4.1346E-04 1.0404E-03 3.2473E-04 4.5591E-04 1.6988E-07 1.1312E-06 1.3272E-06 1.9313E-06 3.3209E-06
Fe55 1.9286E-05 3.7777E-05 1.8602E-05 1.5491E-05 7.6307E-16 2.0530E-22 2.4155E-20 2.7978E-19 5.6838E-16
Fe56 1.2763E-05 3.0573E-05 2.0084E-05 2.5225E-05 2.7655E-06 1.8415E-05 2.1606E-05 3.1440E-05 5.4063E-05
Fe57 4.6171E-07 5.8414E-07 5.8410E-07 8.6794E-07 6.5029E-08 4.3287E-07 5.0788E-07 7.3906E-07 1.2710E-06
Fe58 6.6610E-07 9.0728E-07 9.9518E-07 1.6469E-06 8.8252E-09 5.8618E-08 6.8777E-08 1.0008E-07 1.7261E-07
Fe59 2.0825E-08 3.8714E-08 1.0450E-07 4.3057E-08 2.8021E-41 1.1448E-38 2.8356E-36 1.6256E-35 5.8895E-34
Fe60 1.4822E-08 1.7236E-08 2.3438E-07 5.6337E-09 1.1703E-16 9.2482E-37 1.7135E-27 1.1039E-18 1.4910E-14
Fe61 1.2509E-19 5.3965E-20 3.1826E-16 7.1313E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 9.5182E-60 1.1088E-59 1.5258E-59 1.9769E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 8.7982E-05 1.3102E-04 7.4941E-05 4.9718E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 8.3593E-07 1.5730E-06 6.5228E-07 1.2064E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 1.1413E-04 1.1194E-04 1.0964E-04 1.0766E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 7.6660E-09 1.5659E-08 1.0692E-08 1.0128E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 2.2208E-07 3.0086E-07 3.8528E-07 6.6855E-07 9.8166E-09 6.5345E-08 7.6667E-08 1.1157E-07 1.9199E-07
Co60 2.5893E-08 4.0884E-08 2.6439E-08 1.9659E-08 2.2610E-22 5.6153E-36 3.7586E-33 2.1474E-24 2.7067E-20
Co61 1.5273E-11 8.7063E-11 4.7366E-10 1.1900E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 7.0000E-02 7.0000E-02 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.2040E-03 2.1030E-03 2.1127E-03 2.0629E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 4.2040E-03 4.2526E-03 4.1691E-03 4.1724E-03 1.1153E-07 7.4264E-07 8.7134E-07 1.2679E-06 2.1802E-06
Ni59 8.1220E-05 1.0389E-04 6.4035E-05 7.9463E-05 1.0999E-12 1.0032E-20 2.1640E-19 9.8782E-16 1.7756E-12
Ni60 1.5377E-03 1.4050E-03 1.5610E-03 1.6594E-03 4.4446E-08 2.9593E-07 3.4721E-07 5.0525E-07 8.6898E-07
Ni61 3.5671E-05 4.1258E-05 3.3517E-05 3.5641E-05 1.9656E-09 1.3078E-08 1.5345E-08 2.2329E-08 3.8460E-08
Ni62 1.0774E-05 1.4075E-05 1.0994E-05 1.0806E-05 6.3671E-09 4.2383E-08 4.9727E-08 7.2363E-08 1.2458E-07
Ni63 7.6864E-08 9.5171E-08 1.1790E-07 1.0467E-07 2.6811E-21 2.7065E-33 1.2938E-32 7.3164E-32 2.2538E-30
Ni64 1.4404E-07 1.5169E-07 4.6168E-07 3.9106E-07 1.6736E-09 1.1142E-08 1.3073E-08 1.9023E-08 3.2768E-08
Ni65 3.6807E-12 1.7295E-11 2.8666E-10 5.4291E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 9.5182E-60 1.1088E-59 1.5258E-59 1.9769E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 6.2090E-43 1.2772E-41 4.1125E-43 1.1230E-35 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 2.8333E-22 3.9652E-20 5.9568E-23 8.3247E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 3.2210E-08 2.9865E-08 3.2466E-08 3.4383E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 2.8094E-05 3.2249E-05 2.6332E-05 2.7863E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 3.6260E-07 4.7241E-07 3.5623E-07 3.3464E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 2.5840E-05 4.5722E-06 1.5179E-05 2.3134E-05 1.1496E-09 7.6492E-09 8.9746E-09 1.3060E-08 2.2531E-08
Cu64 5.0773E-10 1.4402E-09 6.2559E-09 1.0783E-08 5.1595E-43 0.0000E+00 5.2758E-38 3.0210E-37 1.1186E-35
Cu65 4.2281E-08 4.8400E-08 1.8472E-07 3.1940E-07 5.2862E-10 3.5176E-09 4.1271E-09 6.0057E-09 1.0395E-08
Cu66 2.9947E-18 1.0548E-16 1.6581E-15 3.4488E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 3.0605E-23 7.0054E-21 5.0024E-22 4.2627E-22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 8.7418E-25 8.4584E-23 4.1460E-23 2.4415E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 5.5362E-04 6.7094E-04 5.5959E-04 5.0045E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 3.6404E-08 6.4292E-09 2.1145E-08 3.2119E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 5.2146E-05 1.5391E-05 2.6941E-05 6.1939E-05 1.9236E-09 1.2807E-08 1.5026E-08 2.1865E-08 3.7638E-08
Zn65 6.7671E-07 6.7773E-07 5.3540E-07 9.2937E-07 1.9808E-20 5.3937E-32 4.2313E-32 1.1495E-31 1.0144E-30
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Zn66 2.5549E-06 3.3196E-06 2.4410E-06 2.6375E-06 1.1381E-09 7.5771E-09 8.8901E-09 1.2937E-08 2.2283E-08
Zn67 1.0813E-08 1.3028E-08 3.8785E-08 7.0044E-08 1.6978E-10 1.1304E-09 1.3262E-09 1.9299E-09 3.3265E-09
Zn68 4.9870E-08 5.7478E-08 2.1225E-07 2.5423E-07 7.8800E-10 5.2465E-09 6.1556E-09 8.9576E-09 1.5435E-08
Zn69 2.5755E-13 1.7028E-12 3.3233E-11 3.3116E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 9.9411E-11 1.5845E-10 1.9008E-09 6.0802E-10 2.6821E-11 1.7859E-10 2.0953E-10 3.0491E-10 5.2427E-10
Zn71 1.2639E-23 4.1015E-22 1.4549E-22 5.9508E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 9.5182E-60 1.1088E-59 1.5258E-59 1.9769E-59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 1.0116E-35 9.6269E-34 2.6823E-34 2.0770E-27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 1.3062E-25 1.3807E-22 1.8518E-23 1.4624E-23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 1.3855E-13 1.4195E-13 1.0579E-13 1.7919E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 6.4081E-06 8.3424E-06 5.6428E-06 5.7000E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 2.1416E-08 2.6005E-08 2.9962E-08 4.6814E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 2.7915E-12 6.9759E-12 3.0448E-11 8.7304E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 7.1840E-09 8.0780E-09 3.3347E-08 4.4145E-08 7.7415E-11 5.1538E-10 6.0470E-10 8.7993E-10 1.5176E-09
Ga70 4.4415E-15 7.2674E-14 5.6894E-13 2.2993E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 5.9144E-09 5.1426E-09 1.5167E-08 2.3071E-08 5.2869E-11 3.5196E-10 4.1296E-10 6.0091E-10 1.0367E-09
Ga72 3.6054E-12 1.6598E-11 4.9769E-10 4.5957E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 5.3599E-33 2.2496E-29 4.6734E-30 4.2476E-30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 2.0319E-40 3.8403E-42 1.2017E-39 4.8460E-36 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.2551E-06 1.6349E-06 1.1049E-06 1.1157E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 4.9484E-15 1.2343E-14 1.4235E-14 2.2402E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 1.1911E-08 8.8970E-09 2.8765E-08 1.5497E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 4.1883E-11 4.6045E-11 6.2928E-10 1.2840E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 1.1603E-08 1.2020E-08 6.5234E-08 1.0237E-07 1.1093E-10 7.3850E-10 8.6648E-10 1.2609E-09 2.1741E-09
Ge71 4.3020E-10 1.5834E-09 7.3090E-09 6.2724E-09 5.6471E-43 7.0087E-41 6.0324E-38 3.4553E-37 1.2429E-35
Ge72 1.1269E-08 1.1810E-08 4.9722E-08 4.9377E-08 1.5076E-10 1.0038E-09 1.1778E-09 1.7138E-09 2.9517E-09
Ge73 3.1835E-09 3.3946E-09 1.4365E-08 1.2901E-08 4.2904E-11 2.8566E-10 3.3518E-10 4.8772E-10 8.3987E-10
Ge74 1.8478E-08 1.7466E-08 7.8120E-08 4.7681E-08 2.0413E-10 1.3591E-09 1.5946E-09 2.3205E-09 3.9953E-09
Ge75 1.1044E-13 6.7109E-13 1.3132E-11 3.0337E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 1.5843E-10 1.9196E-10 5.7241E-10 4.7547E-10 4.3970E-11 2.9279E-10 3.4352E-10 4.9989E-10 8.5954E-10
Ge77 4.0676E-14 3.0705E-13 1.6266E-11 5.7861E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 9.4291E-13 4.6622E-12 1.6784E-11 5.4884E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 1.2819E-12 5.5288E-12 3.5802E-11 9.3519E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 1.7408E-11 3.4728E-11 5.2513E-10 1.8772E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 2.1873E-12 6.0785E-12 7.0848E-11 2.7689E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 1.8879E-09 1.8535E-09 8.9988E-09 7.7716E-09 2.5470E-11 1.6960E-10 1.9898E-10 2.8956E-10 4.9841E-10
As76 3.7434E-12 7.2946E-12 6.5614E-11 7.5123E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 6.3967E-12 1.0393E-11 1.5608E-10 7.7847E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 1.0951E-10 7.8590E-11 2.8506E-09 8.8335E-09 2.4522E-12 1.6330E-11 1.9160E-11 2.7881E-11 4.7938E-11
Se75 1.6177E-11 1.7193E-11 4.1919E-10 1.4334E-09 3.7385E-43 2.6631E-40 4.8687E-38 2.7952E-37 7.8513E-36
Se76 4.1680E-09 3.7911E-09 1.9494E-08 1.7080E-08 2.6520E-11 1.7657E-10 2.0717E-10 3.0147E-10 5.1938E-10
Se77 1.6545E-09 1.5030E-09 6.8526E-09 3.7605E-09 2.1878E-11 1.4567E-10 1.7091E-10 2.4871E-10 4.2805E-10
Se78 1.0089E-08 8.7426E-09 4.3910E-08 1.9154E-08 6.9047E-11 4.5971E-10 5.3936E-10 7.8488E-10 1.3515E-09
Se79 2.0825E-09 1.8170E-09 8.5640E-09 2.7315E-09 1.9963E-18 4.9129E-25 2.1871E-23 1.4917E-22 3.0899E-17
Se80 1.0898E-08 8.6303E-09 5.0784E-08 5.9767E-09 1.4778E-10 9.8403E-10 1.1546E-09 1.6801E-09 2.8889E-09
Se81 1.0037E-17 2.8200E-16 5.9844E-15 1.8329E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.0083E-10 1.1819E-10 1.8571E-10 2.2227E-10 2.6657E-11 1.7750E-10 2.0825E-10 3.0305E-10 5.2110E-10
Se83 1.0497E-17 9.2696E-17 3.5646E-16 4.5642E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 1.9502E-15 4.6506E-15 1.7427E-14 8.3599E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 2.4004E-13 5.3245E-13 4.4796E-12 1.3097E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 2.6848E-12 3.8288E-12 4.6720E-11 1.5523E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 6.0485E-19 5.7352E-18 5.3505E-17 4.0042E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.2073E-10 1.2217E-10 1.1828E-09 1.8183E-09 2.3632E-11 1.5736E-10 1.8464E-10 2.6866E-10 4.6216E-10
Br80 3.5020E-16 3.4935E-15 2.8682E-14 1.6115E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Br81 1.8555E-09 1.4504E-09 9.0759E-09 1.4981E-09 2.3572E-11 1.5696E-10 1.8415E-10 2.6798E-10 4.6085E-10
Br82 8.6502E-13 1.9180E-12 1.3256E-11 8.5989E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 2.0507E-13 1.4004E-12 1.2823E-11 2.5559E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 1.4068E-11 1.2506E-11 1.8290E-10 5.5855E-10 8.5459E-13 5.6906E-12 6.6768E-12 9.7157E-12 1.6706E-11
Kr79 1.8127E-12 1.0400E-12 2.9544E-11 9.0536E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 1.5625E-10 1.5249E-10 2.0360E-09 4.6893E-09 5.6344E-12 3.7502E-11 4.4001E-11 6.4029E-11 1.1047E-10
Kr81 5.2438E-11 4.5154E-11 4.7084E-10 8.6056E-10 6.9082E-16 1.1159E-24 8.1716E-23 8.3314E-19 1.2034E-13
Kr82 5.3231E-09 3.7983E-09 2.5264E-08 7.4512E-09 2.8934E-11 1.9262E-10 2.2599E-10 3.2886E-10 5.6635E-10
Kr83 1.8414E-09 1.4371E-09 9.6993E-09 2.9491E-09 2.9006E-11 1.9314E-10 2.2661E-10 3.2976E-10 5.6725E-10
Kr84 9.2831E-09 6.6939E-09 5.2194E-08 1.1873E-08 1.4468E-10 9.6333E-10 1.1302E-09 1.6447E-09 2.8291E-09
Kr85 2.7073E-09 2.0335E-09 1.6777E-08 1.0598E-09 3.2696E-32 3.4298E-37 2.2301E-35 1.2833E-34 3.7510E-33
Kr86 8.0596E-09 4.2168E-09 8.2858E-08 1.2003E-09 4.4793E-11 2.9825E-10 3.4993E-10 5.0922E-10 8.7563E-10
Kr87 5.7342E-16 1.6133E-15 9.4023E-15 2.7158E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 1.2175E-19 6.8689E-19 1.6161E-18 5.1972E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 4.2083E-29 2.0630E-32 2.1291E-27 7.6051E-26 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 3.3012E-14 5.6707E-14 3.5291E-13 1.0246E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 5.0389E-14 7.9583E-14 5.9097E-13 1.7711E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 2.5031E-12 2.9521E-12 3.1371E-11 1.0625E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 5.3283E-13 7.6891E-13 6.4966E-12 2.2203E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 8.9023E-10 5.8728E-10 4.9376E-09 2.2827E-09 3.3940E-11 2.2598E-10 2.6514E-10 3.8583E-10 6.6358E-10
Rb86 1.1330E-10 2.2160E-10 2.8092E-09 3.8512E-10 1.0232E-42 2.3627E-40 1.0919E-37 6.2568E-37 1.8022E-35
Rb87 2.2373E-09 1.4118E-09 3.5855E-08 8.2299E-10 1.4295E-11 9.5184E-11 1.1168E-10 1.6252E-10 2.7945E-10
Rb88 3.1373E-18 6.3303E-17 1.3273E-15 9.3459E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 2.0380E-11 2.9461E-11 1.3296E-10 3.9580E-10 5.9137E-13 3.9379E-12 4.6203E-12 6.7234E-12 1.1561E-11
Sr85 1.9127E-12 1.4104E-12 1.6306E-11 4.9214E-11 3.1690E-44 0.0000E+00 6.6495E-39 3.7868E-38 1.0713E-36
Sr86 2.7693E-09 1.4482E-09 5.4178E-09 4.0772E-09 1.0713E-11 7.1297E-11 8.3651E-11 1.2173E-10 2.0976E-10
Sr87 1.8168E-09 1.0445E-09 3.2380E-09 2.1482E-09 7.5745E-12 5.0413E-11 5.9146E-11 8.6067E-11 1.4824E-10
Sr88 1.6976E-08 9.8039E-09 6.0685E-08 9.3525E-09 9.1810E-11 6.1126E-10 7.1719E-10 1.0436E-09 1.7956E-09
Sr89 1.5585E-10 2.2025E-10 8.9522E-09 1.2827E-10 8.2275E-44 3.0543E-43 1.2103E-38 6.9240E-38 2.0594E-36
Sr90 1.3137E-10 8.0798E-11 5.7080E-09 1.6119E-11 7.8596E-36 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 4.9222E-16 2.4233E-15 5.8533E-14 1.5865E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 2.4420E-16 6.6197E-16 1.2102E-15 2.7277E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 9.7661E-15 1.1884E-14 5.3352E-14 1.2392E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 4.6771E-13 1.1211E-12 2.4720E-12 6.3375E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 9.7413E-13 1.2513E-12 5.4828E-12 1.4619E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 3.8307E-09 1.9625E-09 4.8493E-09 1.8946E-09 2.4569E-11 1.6359E-10 1.9194E-10 2.7931E-10 4.8042E-10
Y90 4.2926E-13 9.8634E-13 4.7976E-12 1.4937E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 5.5513E-13 2.0162E-12 1.3907E-11 1.9113E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 2.8552E-09 1.5739E-09 3.9433E-09 1.4005E-09 2.9965E-11 1.9951E-10 2.3408E-10 3.4064E-10 5.8583E-10
Zr91 6.8824E-10 3.4093E-10 2.5530E-09 2.1377E-10 6.6071E-12 4.3994E-11 5.1617E-11 7.5112E-11 1.2918E-10
Zr92 1.0755E-09 4.7621E-10 4.1287E-09 3.1841E-10 1.0210E-11 6.7984E-11 7.9764E-11 1.1607E-10 1.9962E-10
Zr93 2.9083E-10 1.1842E-10 1.2325E-09 6.6791E-11 2.3570E-16 9.2784E-25 3.7051E-23 2.9232E-19 9.2608E-15
Zr94 8.3885E-10 3.2569E-10 3.4697E-09 2.2386E-10 1.0572E-11 7.0393E-11 8.2591E-11 1.2019E-10 2.0669E-10
Zr95 3.2972E-11 2.5748E-11 8.6307E-10 1.1120E-11 7.6434E-44 0.0000E+00 1.2037E-38 6.8730E-38 1.9642E-36
Zr96 6.4172E-11 2.8995E-11 3.5722E-09 7.2982E-12 2.0378E-43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr97 6.9020E-17 2.6807E-16 5.5899E-15 7.7635E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 4.2181E-13 1.2690E-12 2.1511E-12 4.0805E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 3.0194E-14 7.3462E-14 1.8292E-13 3.8833E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 1.5800E-11 1.8039E-11 2.4355E-11 3.0122E-11 4.5648E-12 3.0398E-11 3.5665E-11 5.1900E-11 8.9240E-11
Nb94 5.6461E-15 3.6282E-14 3.2130E-14 5.1755E-14 6.2434E-24 2.2740E-29 3.7329E-30 1.0626E-29 1.2644E-27
Nb95 1.1571E-11 2.6609E-12 1.2182E-11 1.2917E-12 2.0863E-44 0.0000E+00 6.5696E-39 3.7413E-38 1.0731E-36
Nb96 4.7031E-15 3.4812E-15 2.2744E-13 1.2540E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 6.0434E-17 3.4024E-16 2.8383E-15 5.1508E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 9.4046E-12 7.3203E-12 2.1715E-11 3.2172E-11 1.7253E-12 1.1488E-11 1.3479E-11 1.9615E-11 3.3727E-11
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Mo93 1.4281E-13 4.0892E-14 5.1546E-13 9.2825E-13 2.1063E-20 1.4527E-30 2.9986E-31 5.4237E-32 7.0458E-26
Mo94 5.9082E-12 4.9432E-12 1.2814E-11 2.0126E-11 1.1107E-12 7.3952E-12 8.6767E-12 1.2626E-11 2.1711E-11
Mo95 5.3008E-11 1.5426E-11 6.0071E-11 1.9604E-11 1.9427E-12 1.2935E-11 1.5177E-11 2.2085E-11 3.7977E-11
Mo96 1.6630E-10 5.9643E-11 1.7614E-10 5.6024E-11 3.8060E-12 2.5342E-11 2.9733E-11 4.3267E-11 7.4404E-11
Mo97 5.7014E-11 2.0884E-11 1.6609E-10 1.6288E-11 1.2022E-12 8.0049E-12 9.3919E-12 1.3667E-11 2.3502E-11
Mo98 1.7091E-10 6.1014E-11 5.3177E-10 4.9869E-11 3.0865E-12 2.0550E-11 2.4111E-11 3.5086E-11 6.0337E-11
Xe132 2.8671E-10 1.1799E-10 9.9773E-10 1.2752E-10 1.0352E-11 6.8929E-11 8.0875E-11 1.1769E-10 2.0237E-10
Xe133 2.8640E-12 6.1725E-12 2.8184E-10 2.3234E-12 1.3973E-44 0.0000E+00 2.1602E-39 1.2318E-38 3.4890E-37
Xe134 3.9866E-11 2.7738E-11 1.2656E-09 2.8453E-11 3.8802E-12 2.5838E-11 3.0315E-11 4.4114E-11 7.5851E-11
Xe135 6.8388E-15 2.8174E-14 1.9742E-13 3.9950E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 4.0520E-11 1.7267E-11 8.2508E-11 2.4802E-11 2.7216E-12 1.8122E-11 2.1262E-11 3.0941E-11 5.3204E-11
Cs134 7.5872E-12 3.0441E-12 4.6639E-12 7.9146E-13 5.2851E-42 5.8841E-39 6.7806E-37 3.8972E-36 1.1000E-34
Cs135 3.6709E-11 1.1673E-11 1.7602E-10 3.2717E-12 8.2758E-18 2.2706E-25 6.6634E-24 1.0188E-20 3.3915E-17
Cs136 2.5817E-12 3.1175E-12 1.0199E-10 5.5188E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.2640E-41
Cs137 3.5814E-11 1.2631E-11 1.1388E-09 7.8191E-13 2.3177E-37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 1.4751E-22 3.8402E-22 3.6485E-17 6.0669E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 5.6889E-11 1.5228E-11 8.6061E-11 2.5695E-11 8.3463E-13 5.5557E-12 6.5183E-12 9.4855E-12 1.6314E-11
Ba135 2.5974E-11 1.3884E-11 4.1041E-11 1.9825E-11 2.2925E-12 1.5265E-11 1.7911E-11 2.6063E-11 4.4817E-11
Ba136 1.9351E-10 6.0474E-11 2.5252E-10 7.1423E-11 2.7524E-12 1.8322E-11 2.1497E-11 3.1283E-11 5.3801E-11
Ba137 1.4317E-10 5.0180E-11 1.8621E-10 5.6985E-11 3.9644E-12 2.6395E-11 3.0970E-11 4.5065E-11 7.7496E-11
Ba138 6.7472E-10 2.9024E-10 1.8644E-09 4.1738E-10 2.5491E-11 1.6972E-10 1.9913E-10 2.8977E-10 4.9832E-10
Ba139 6.2891E-17 1.0925E-16 3.9932E-16 4.2556E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.2495E-14 1.4382E-14 2.0931E-14 2.7579E-14 2.6909E-15 1.7917E-14 2.1022E-14 3.0591E-14 5.2603E-14
La139 6.0801E-11 2.9164E-11 1.8308E-10 4.6407E-11 2.9757E-12 1.9814E-11 2.3248E-11 3.3830E-11 5.8176E-11
La140 9.2492E-16 1.3969E-15 6.7014E-15 3.4123E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 9.3942E-11 5.9703E-11 3.2938E-10 1.0387E-10 8.0134E-12 5.3357E-11 6.2602E-11 9.1098E-11 1.5665E-10
Ce141 7.8288E-13 8.9159E-13 2.4576E-10 1.3012E-13 1.0793E-45 0.0000E+00 1.4206E-39 8.0793E-39 2.3033E-37
Pr141 1.0090E-11 7.0209E-12 1.6822E-11 1.2944E-11 1.2595E-12 8.3864E-12 9.8396E-12 1.4318E-11 2.4621E-11
Pr142 4.1041E-15 6.9413E-15 3.1865E-14 4.2538E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 2.0897E-11 1.4601E-11 3.7134E-11 3.2805E-11 1.7193E-12 1.1448E-11 1.3431E-11 1.9545E-11 3.3610E-11
Nd143 4.3073E-12 3.8649E-12 6.9871E-12 6.0668E-12 7.6968E-13 5.1252E-12 6.0132E-12 8.7504E-12 1.5047E-11
Nd144 9.8743E-12 8.5111E-12 1.6944E-11 1.4491E-11 1.5297E-12 1.0186E-11 1.1951E-11 1.7391E-11 2.9905E-11
Hg202 1.2258E-11 1.0215E-11 2.3213E-11 1.8296E-11 1.5186E-12 1.0111E-11 1.1863E-11 1.7263E-11 2.9686E-11
Hg203 3.7331E-14 1.5183E-13 2.5390E-12 4.4277E-14 6.4495E-45 0.0000E+00 2.6935E-39 1.5337E-38 4.3667E-37
Hg204 1.3435E-12 1.5176E-12 6.1593E-12 2.2859E-12 3.5281E-13 2.3493E-12 2.7563E-12 4.0110E-12 6.8971E-12
Hg205 2.8870E-24 3.9667E-23 7.3022E-20 9.5659E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 5.7724E-12 4.9876E-12 9.5147E-12 9.5716E-12 8.1031E-13 5.3954E-12 6.3303E-12 9.2118E-12 1.5841E-11
Tl204 5.7186E-13 4.1436E-13 9.5237E-13 3.1807E-13 4.2187E-43 1.0382E-39 1.0364E-37 5.9673E-37 1.6918E-35
Tl205 9.9239E-12 1.0057E-11 1.9783E-11 1.8340E-11 1.9534E-12 1.3006E-11 1.5260E-11 2.2206E-11 3.8185E-11
Tl206 3.8335E-23 1.9742E-21 4.0436E-20 2.5396E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 4.5224E-12 3.8097E-12 8.0473E-12 9.5826E-12 3.9001E-13 2.5964E-12 3.0463E-12 4.4329E-12 7.6235E-12
Pb205 1.4128E-12 9.8211E-13 1.4817E-12 1.5457E-12 1.9822E-23 1.2678E-27 2.4631E-27 2.6046E-26 2.0020E-24
Pb206 2.8594E-11 2.8042E-11 5.6199E-11 5.1678E-11 3.6640E-12 2.4396E-11 2.8624E-11 4.1653E-11 7.1629E-11
Pb207 2.5704E-11 2.7336E-11 5.6053E-11 4.9203E-11 4.0742E-12 2.7128E-11 3.1828E-11 4.6317E-11 7.9648E-11
Pb208 6.1787E-11 7.0477E-11 1.3101E-10 1.2852E-10 1.1718E-11 7.8023E-11 9.1544E-11 1.3321E-10 2.2907E-10
Pb209 4.7837E-19 7.6276E-19 2.8554E-18 1.4509E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 4.2994E-13 6.1013E-13 9.3489E-13 1.2126E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 6.7257E-12 7.9246E-12 1.1817E-11 1.3474E-11 1.5890E-12 1.0580E-11 1.2414E-11 1.8064E-11 3.1062E-11
v=300 km/s - [Fe/H]=-3
H 4.5184E+00 5.0251E+00 6.7269E+00 7.8107E+00 8.9390E+00 1.1135E+01 1.5483E+01 1.7465E+01 2.2552E+01
H2 6.0585E-17 2.4200E-16 3.4355E-14 4.1531E-13 2.6561E-12 1.6584E-12 2.8591E-11 3.4049E-11 1.9809E-08
H3 1.9060E-24 3.5869E-22 1.1203E-18 5.7867E-17 7.5428E-16 1.2748E-15 5.1398E-15 1.0241E-14 4.2322E-13
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
He3 4.8472E-05 5.2908E-05 7.4415E-06 1.4890E-05 1.7139E-05 3.3729E-05 4.0961E-05 8.4412E-05 1.4455E-04
He4 3.8908E+00 4.5079E+00 6.1996E+00 5.2923E+00 3.9985E+00 4.3810E+00 6.3665E+00 9.7065E+00 1.4688E+01
Li6 5.3261E-14 3.2452E-13 1.1668E-13 6.7545E-14 5.8679E-14 3.3620E-14 3.3287E-14 4.8976E-14 2.3277E-13
Li7 3.3986E-11 3.1660E-11 7.1338E-11 1.0781E-11 1.0134E-09 4.1566E-09 5.5991E-09 9.2509E-12 6.5088E-12
Be7 1.6163E-13 4.3169E-14 4.8592E-10 3.0337E-12 3.5117E-11 6.7884E-10 1.6485E-09 1.5762E-11 1.0532E-11
Be9 9.9556E-17 4.3781E-16 2.2432E-16 1.3150E-16 1.0835E-16 6.3958E-17 5.5559E-17 7.8878E-17 4.0959E-16
Be10 1.0739E-59 1.1438E-59 1.7138E-59 9.8088E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 5.6910E-16 2.1793E-15 1.2592E-15 7.6935E-16 6.2830E-16 3.7906E-16 3.0503E-16 4.2557E-16 2.2156E-15
B11 1.8068E-14 3.5229E-14 1.4207E-14 1.0849E-14 8.6667E-15 5.5304E-15 3.6877E-15 5.0232E-15 2.2286E-14
C12 3.5121E-01 4.2511E-01 6.4636E-01 1.0069E+00 1.8997E-06 2.5255E-06 3.6344E-06 1.4687E-03 1.8393E-05
C13 2.4336E-04 2.4711E-04 2.2011E-04 1.6590E-04 5.1604E-07 6.9220E-07 9.8307E-07 4.3185E-04 4.6828E-06
C14 1.2404E-03 1.8523E-03 2.2099E-03 3.1140E-03 8.3053E-27 1.8659E-26 1.1460E-26 3.6720E-14 3.3735E-20
N13 1.3755E-12 6.4803E-13 2.0208E-12 3.9121E-12 4.4919E-30 5.1404E-33 1.0571E-29 9.6983E-13 4.0247E-16
N14 1.3469E-01 1.5034E-01 1.1839E-02 1.6580E-02 1.6870E-04 1.8974E-04 2.9140E-04 2.1395E-02 1.1689E-03
N15 7.0467E-04 8.0953E-04 4.8555E-04 5.1652E-05 3.6232E-09 4.0592E-09 6.2107E-09 4.1918E-07 2.5508E-08
N16 3.0345E-27 4.6065E-25 9.5073E-23 4.7163E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 2.7437E-15 1.7107E-16 8.2406E-16 2.7273E-13 5.5529E-32 4.7641E-35 1.0908E-31 3.4719E-14 6.8320E-17
O16 1.5120E+00 1.8179E+00 2.9353E+00 5.9286E+00 1.5496E-04 1.9939E-04 2.5333E-04 5.7998E-03 2.6626E-04
O17 2.2737E-04 2.6885E-04 4.1782E-04 9.2501E-05 5.5442E-07 1.0986E-06 1.2212E-06 7.8334E-06 5.2600E-07
O18 5.2736E-02 6.9459E-02 2.4796E-02 2.8367E-04 1.0762E-08 2.1818E-08 3.0835E-08 9.4030E-08 1.3082E-07
O19 8.0656E-20 2.5030E-19 2.0842E-19 8.1351E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 7.0449E-17 1.3033E-17 1.4632E-18 3.5717E-16 0.0000E+00 0.0000E+00 0.0000E+00 2.7663E-16 1.3161E-19
F18 8.5220E-07 3.3496E-06 1.1564E-06 1.1521E-06 0.0000E+00 6.1778E-39 0.0000E+00 8.4374E-17 2.6415E-20
F19 4.0511E-05 5.1010E-05 1.3286E-04 7.4713E-04 2.6507E-09 4.1007E-09 5.0319E-09 7.5611E-09 5.7222E-09
F20 1.1313E-21 2.5276E-20 1.1799E-17 1.2744E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 8.0720E-02 5.3706E-02 8.7608E-02 7.2925E-01 1.2388E-05 1.5402E-05 2.0342E-05 3.7621E-05 2.6396E-05
Ne21 7.8612E-04 8.4796E-04 1.1122E-03 1.1917E-03 2.6634E-08 3.1444E-08 3.9162E-08 1.3033E-06 3.3682E-08
Ne22 4.9261E-02 6.2599E-02 6.8111E-02 8.1226E-02 4.5862E-07 6.6596E-07 8.9993E-07 3.1460E-05 1.7268E-06
Ne23 8.2817E-14 5.9328E-14 4.2849E-14 6.6796E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 2.5612E-15 4.7412E-15 1.6390E-14 8.0765E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 4.0141E-07 3.1781E-07 6.8637E-07 8.2006E-06 0.0000E+00 9.7845E-30 1.1743E-29 3.8581E-15 1.6142E-21
Na23 1.9069E-03 1.3181E-03 1.3548E-03 4.4575E-03 1.9401E-06 2.0812E-06 2.5936E-06 4.4918E-06 3.1427E-06
Na24 4.9851E-06 8.7630E-06 5.6011E-06 1.2262E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 9.7394E-15 8.9470E-15 3.4214E-14 2.2878E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.4256E-02 1.5015E-02 2.8258E-02 1.4731E-01 1.5270E-05 1.7667E-05 2.4770E-05 2.6091E-05 3.0081E-05
Mg25 5.7119E-03 4.8385E-03 7.4013E-03 4.6520E-03 1.0188E-06 1.2921E-06 1.6408E-06 2.1379E-06 1.5594E-06
Mg26 8.0869E-03 7.8148E-03 1.2374E-02 4.6359E-03 1.3217E-06 1.6533E-06 2.1802E-06 2.5904E-06 2.8921E-06
Mg27 3.1137E-11 1.0080E-11 1.8520E-11 2.7564E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 3.6398E-18 5.2153E-18 5.3506E-17 2.9041E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 2.6190E-05 3.4904E-05 5.1690E-05 1.5907E-04 4.9527E-09 3.0751E-09 1.7559E-08 2.4960E-08 9.3879E-08
Alg6 9.0486E-08 1.2543E-07 2.3402E-07 4.7855E-08 4.9527E-09 3.0751E-09 1.7559E-08 2.4960E-08 9.3879E-08
Alm6 2.6932E-15 1.1553E-13 2.9344E-13 3.5658E-14 0.0000E+00 0.0000E+00 0.0000E+00 1.0003E-22 2.0226E-26
Al27 2.3081E-03 2.2706E-03 3.7126E-03 6.9669E-03 1.3891E-06 1.7762E-06 3.9907E-06 5.0200E-06 1.1177E-05
Al28 3.0119E-11 2.2916E-13 4.5439E-12 6.2465E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 1.6744E-19 1.1141E-19 1.0809E-16 4.7067E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 1.2153E-01 2.0649E-01 1.8711E-01 2.6201E-01 2.1094E-05 2.5177E-05 3.6737E-05 5.6251E-05 8.7880E-05
Si29 2.3402E-03 2.8795E-03 4.9123E-03 2.2931E-03 9.7794E-07 1.1975E-06 1.6067E-06 1.8111E-06 2.1499E-06
Si30 2.9874E-03 4.3489E-03 7.3462E-03 2.2936E-03 8.3410E-07 9.7517E-07 1.4557E-06 2.0460E-06 3.0935E-06
Si31 1.2416E-07 1.2037E-07 1.7144E-07 1.5344E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 2.1564E-08 3.5110E-08 3.0117E-08 8.4656E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 1.6534E-20 1.9576E-20 1.2258E-19 3.2977E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 8.3059E-10 1.5271E-14 1.6943E-11 2.9303E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 7.8444E-04 1.2436E-03 1.6492E-03 8.7009E-04 7.6809E-08 9.1654E-08 1.2928E-07 1.7572E-07 2.2676E-07
P32 1.5739E-06 1.8174E-06 2.6786E-06 3.9645E-07 0.0000E+00 1.8356E-40 0.0000E+00 3.9641E-33 1.1650E-27
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
P33 7.6781E-07 1.4996E-06 1.4125E-06 1.4387E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 4.1510E-31
P34 1.7248E-21 9.1382E-20 7.7340E-20 2.8898E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 3.0818E-26 1.8584E-26 8.3545E-20 1.9315E-20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 7.7532E-02 1.0727E-01 8.2430E-02 8.5568E-02 8.5376E-06 1.0239E-05 1.4419E-05 1.7933E-05 2.4575E-05
S33 4.7719E-04 8.5485E-04 7.8153E-04 6.2065E-04 7.0488E-08 8.4535E-08 1.1904E-07 1.5530E-07 2.0315E-07
S34 3.3324E-03 6.8214E-03 6.3742E-03 1.8000E-03 4.0995E-07 4.9164E-07 6.9235E-07 8.7377E-07 1.1803E-06
S35 1.7656E-06 8.4225E-06 2.2420E-06 1.1301E-07 0.0000E+00 7.7783E-39 2.8617E-41 1.6816E-32 7.6994E-25
S36 7.4453E-07 1.4295E-05 1.0470E-06 3.0180E-08 2.0236E-09 2.4268E-09 3.4176E-09 4.2541E-09 5.8250E-09
S37 4.0588E-18 2.2174E-19 1.2761E-19 4.9944E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 1.3765E-25 1.2860E-25 3.1734E-24 6.9965E-24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 4.6038E-27 3.6468E-27 1.3437E-24 6.2675E-25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 3.4398E-04 7.5687E-04 4.0304E-04 1.7544E-04 7.9874E-08 9.5792E-08 1.3490E-07 1.6777E-07 2.2991E-07
Cl36 1.9341E-06 7.9592E-06 2.8783E-06 4.6616E-07 6.6043E-24 5.3748E-22 1.4895E-21 8.6055E-11 3.6823E-12
Cl37 2.0511E-06 2.9221E-05 3.2516E-06 8.6696E-07 2.6987E-08 3.2366E-08 4.5578E-08 6.0622E-08 7.7839E-08
Cl38 3.6928E-12 2.1530E-11 1.7389E-12 8.1999E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 1.6791E-02 1.8544E-02 1.4192E-02 1.5872E-02 1.6309E-06 1.9559E-06 2.7544E-06 3.4232E-06 4.6943E-06
Ar37 7.4051E-05 7.7294E-05 5.5580E-05 4.4425E-05 2.1226E-27 2.0954E-27 1.6044E-27 2.6284E-24 1.0173E-21
Ar38 3.4144E-03 6.1242E-03 2.9034E-03 7.2340E-04 3.1300E-07 3.7538E-07 5.2862E-07 6.5899E-07 9.0099E-07
Ar39 3.8406E-08 1.8220E-05 4.6246E-08 3.6033E-08 1.9946E-36 1.5501E-32 2.2379E-32 2.3667E-27 8.4602E-23
Ar40 2.5392E-08 8.2789E-06 2.7349E-08 2.0908E-08 5.2697E-10 6.3198E-10 8.8998E-10 1.1291E-09 1.5206E-09
Ar41 4.2156E-12 6.6007E-09 2.8796E-11 6.3166E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 4.0981E-36 4.3248E-35 1.1433E-31 2.0886E-32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 3.9238E-12 1.6197E-18 2.2344E-13 4.7375E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 3.6885E-04 1.1820E-03 2.2486E-04 1.0182E-04 3.7064E-08 4.4451E-08 6.2597E-08 7.8290E-08 1.0670E-07
K40 1.8119E-07 2.2582E-05 1.7582E-07 3.6499E-08 5.9774E-11 7.1749E-11 1.0111E-10 2.9273E-10 1.7854E-10
K41 3.5529E-08 8.0546E-06 3.9389E-08 2.7607E-08 2.8119E-09 3.3724E-09 4.7489E-09 6.1250E-09 8.1005E-09
K42 5.3407E-10 9.1904E-07 1.8046E-09 2.7825E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 1.6146E-02 1.4846E-02 1.1941E-02 1.4777E-02 1.8087E-06 2.1691E-06 3.0547E-06 3.7969E-06 5.2060E-06
Ca41 2.7408E-05 5.7489E-05 1.4204E-05 1.0742E-05 1.0562E-20 1.3313E-20 4.5918E-20 3.7430E-10 4.1015E-11
Ca42 1.5639E-04 2.5286E-04 9.5337E-05 2.1068E-05 1.2675E-08 1.5201E-08 2.1406E-08 2.7870E-08 3.6531E-08
Ca43 1.8307E-07 1.6008E-05 1.9571E-07 1.3076E-07 2.7076E-09 3.2472E-09 4.5728E-09 6.0157E-09 7.8055E-09
Ca44 2.1177E-07 2.0572E-05 2.0296E-07 3.0830E-07 4.2811E-08 5.1343E-08 7.2303E-08 9.1859E-08 1.2329E-07
Ca45 3.8809E-09 1.1924E-06 7.0814E-09 2.1664E-08 0.0000E+00 4.8095E-38 5.9343E-39 1.0420E-31 4.3227E-24
Ca46 2.6224E-09 4.4380E-07 6.0056E-09 6.9587E-09 8.5823E-11 1.0293E-10 1.4494E-10 1.8031E-10 2.4714E-10
Ca47 2.5936E-10 1.2299E-08 1.1221E-09 9.7926E-11 0.0000E+00 0.0000E+00 0.0000E+00 1.3800E-36 7.0883E-34
Ca48 3.0538E-09 3.7866E-09 4.6971E-09 5.4596E-09 4.1867E-09 5.0210E-09 7.0708E-09 8.7986E-09 1.2051E-08
Ca49 2.0637E-19 1.9358E-19 4.0388E-19 1.5253E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 4.4074E-50 1.4286E-49 7.0528E-45 1.0951E-42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 9.9564E-43 1.1636E-43 1.3789E-40 8.5362E-40 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 2.6959E-08 8.2315E-08 2.8523E-08 3.0479E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 4.8351E-09 2.7159E-07 3.4402E-09 1.4666E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 1.7948E-06 1.5898E-05 4.3215E-07 4.1255E-07 6.0534E-10 7.2598E-10 1.0224E-09 1.5190E-09 1.7502E-09
Sc46 2.9375E-09 1.8698E-06 2.9024E-09 9.2156E-09 0.0000E+00 6.1314E-39 1.4870E-41 1.0485E-31 5.9714E-25
Sc47 9.2442E-10 4.1840E-07 1.9472E-09 1.0120E-09 0.0000E+00 0.0000E+00 0.0000E+00 1.0517E-36 2.2962E-33
Sc48 2.7823E-10 4.9571E-08 1.0840E-09 8.4877E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 1.4123E-12 2.2339E-11 8.4479E-12 2.0135E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 2.0174E-05 9.3050E-06 3.4728E-05 4.5155E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 5.4726E-07 1.2966E-07 1.2033E-07 1.2265E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 9.5845E-05 1.2718E-04 4.3544E-05 1.1191E-05 6.4268E-09 7.7076E-09 1.0854E-08 1.4209E-08 1.8518E-08
Ti47 1.4795E-06 2.0990E-05 1.1528E-06 5.3984E-07 5.9219E-09 7.1020E-09 1.0001E-08 1.2649E-08 1.7050E-08
Ti48 6.2340E-07 2.7899E-05 2.6194E-07 1.5102E-07 5.9925E-08 7.1868E-08 1.0121E-07 1.2616E-07 1.7249E-07
Ti49 3.1354E-08 2.0788E-06 3.8243E-08 9.8769E-08 4.4893E-09 5.3840E-09 7.5818E-09 9.9924E-09 1.2938E-08
Ti50 1.6619E-07 1.2123E-06 2.5248E-07 2.5192E-07 4.3862E-09 5.2603E-09 7.4077E-09 1.0593E-08 1.2650E-08
Ti51 1.0347E-14 2.8642E-16 4.3915E-16 4.0566E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
V45 7.8478E-55 9.2851E-56 6.0902E-50 1.9225E-46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 2.7532E-59 1.2051E-59 7.3855E-49 8.4697E-52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 1.4369E-10 1.3812E-10 1.5378E-10 1.9243E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 2.0551E-07 9.7455E-07 1.1534E-07 3.2730E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 4.6176E-06 3.1504E-05 3.5320E-06 1.8679E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 9.6235E-09 2.3205E-06 3.0029E-09 2.7638E-09 1.0132E-11 1.2151E-11 1.7112E-11 2.1261E-11 2.9162E-11
V51 6.3095E-08 2.7339E-06 5.3387E-08 3.1514E-08 4.1235E-09 4.9453E-09 6.9641E-09 8.7132E-09 1.1870E-08
V52 2.3798E-13 1.4432E-16 6.0885E-16 2.0519E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 6.6098E-05 1.1321E-04 8.9971E-05 9.4112E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 9.2607E-09 3.6425E-08 7.7760E-09 5.4701E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 1.3948E-04 5.0511E-04 8.3078E-05 1.6341E-05 9.0312E-09 1.0831E-08 1.5253E-08 1.8951E-08 2.5994E-08
Cr51 1.3366E-05 7.8296E-05 9.3176E-06 1.5773E-06 1.7612E-28 1.4469E-28 1.0930E-28 1.0598E-24 1.2663E-22
Cr52 1.3742E-05 9.6830E-05 1.1170E-05 1.2345E-06 1.8113E-07 2.1722E-07 3.0590E-07 3.8042E-07 5.2135E-07
Cr53 2.4567E-08 4.2346E-07 3.5436E-08 2.8600E-08 2.0933E-08 2.5104E-08 3.5354E-08 4.3958E-08 6.0250E-08
Cr54 5.9151E-08 3.4176E-07 1.0520E-07 5.3413E-08 5.3090E-09 6.3669E-09 8.9663E-09 1.1460E-08 1.5295E-08
Cr55 1.2280E-15 1.6158E-16 2.2893E-16 1.8334E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 1.0739E-59 1.1438E-59 1.1598E-58 9.8088E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 2.5649E-08 1.6649E-07 1.9710E-08 4.0486E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 1.7807E-04 5.2093E-04 1.6664E-04 1.3172E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 8.5082E-05 4.4895E-04 6.8960E-05 2.8632E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 3.5969E-08 6.1410E-07 3.5262E-08 3.5906E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.1348E-07 4.8084E-07 1.7524E-07 1.4316E-07 1.4098E-07 1.6907E-07 2.3810E-07 2.9592E-07 4.0583E-07
Mn56 2.2806E-10 4.7492E-09 4.7293E-10 3.1013E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 2.2949E-16 3.2404E-22 1.2776E-18 6.6358E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 5.3414E-04 1.5577E-03 4.9607E-04 3.9699E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 3.5075E-16 2.7571E-17 1.0458E-14 9.2768E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 4.3454E-03 3.6613E-02 3.8383E-03 6.8354E-04 9.5052E-07 1.1400E-06 1.6053E-06 1.9946E-06 2.7359E-06
Fe55 1.1548E-04 6.2102E-04 9.6601E-05 1.8395E-05 8.5456E-24 3.1080E-21 7.5668E-21 2.6183E-14 7.9795E-12
Fe56 1.2900E-04 5.8473E-04 1.2648E-04 2.4860E-05 1.5474E-05 1.8558E-05 2.6133E-05 3.2480E-05 4.4541E-05
Fe57 3.1994E-07 9.0201E-07 4.5993E-07 5.9209E-07 3.6375E-07 4.3623E-07 6.1432E-07 7.6560E-07 1.0472E-06
Fe58 2.5557E-07 1.1914E-06 3.4179E-07 1.2005E-06 4.9257E-08 5.9073E-08 8.3188E-08 1.1430E-07 1.4228E-07
Fe59 4.6994E-09 2.7607E-08 1.3227E-08 9.0782E-08 0.0000E+00 2.8062E-38 0.0000E+00 3.0296E-31 1.7941E-24
Fe60 4.3592E-09 1.7410E-08 1.5924E-08 2.7262E-08 3.0996E-32 3.7141E-35 1.1092E-35 8.8481E-13 1.6991E-12
Fe61 4.4456E-18 1.2563E-17 7.9129E-18 1.9953E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 1.0739E-59 1.1438E-59 1.7138E-59 9.8088E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 3.3020E-04 2.1430E-03 2.4087E-04 5.8526E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 2.4266E-06 1.3153E-05 2.2970E-06 1.4233E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 1.1316E-04 1.4893E-04 1.2647E-04 1.1473E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 1.4231E-08 1.4147E-07 1.4592E-08 6.6758E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 1.0297E-07 8.4822E-07 1.4364E-07 4.8934E-07 5.4908E-08 6.5851E-08 9.2733E-08 1.1877E-07 1.5818E-07
Co60 1.6869E-09 2.7185E-08 6.0057E-09 5.9805E-08 6.0666E-38 1.3480E-35 1.9354E-35 1.6058E-18 3.1554E-18
Co61 2.2307E-10 9.9941E-10 4.4224E-10 2.0822E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 7.0000E-02 7.0000E-02 7.0000E-02 7.0000E-02 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 2.0348E-03 2.3648E-03 2.2803E-03 2.1820E-03 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 4.7577E-03 8.7583E-03 4.6970E-03 4.2243E-03 6.2404E-07 7.4840E-07 1.0539E-06 1.3095E-06 1.7962E-06
Ni59 1.3547E-04 7.5338E-05 1.1210E-04 8.1313E-05 1.1767E-20 1.5516E-20 5.3090E-20 1.9984E-11 3.4451E-11
Ni60 1.2470E-03 3.6126E-04 1.3622E-03 1.6913E-03 2.4866E-07 2.9823E-07 4.1996E-07 5.2707E-07 7.1594E-07
Ni61 3.3877E-05 1.5436E-05 3.5442E-05 3.6827E-05 1.0990E-08 1.3180E-08 1.8560E-08 2.5022E-08 3.1716E-08
Ni62 1.2095E-05 8.9283E-06 1.1005E-05 1.1065E-05 3.5614E-08 4.2711E-08 6.0147E-08 8.0700E-08 1.0270E-07
Ni63 8.8608E-09 1.0995E-08 2.7877E-08 3.3428E-07 1.1941E-39 4.1921E-33 6.7810E-33 2.1489E-27 1.6922E-22
Ni64 1.2553E-07 1.4238E-07 1.8077E-07 1.1603E-06 9.3624E-09 1.1228E-08 1.5812E-08 2.4765E-08 2.7084E-08
Ni65 8.2361E-11 8.0278E-10 8.3591E-10 2.6347E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 1.0739E-59 1.1438E-59 1.7138E-59 9.8088E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 1.3728E-49 3.4526E-50 1.0375E-38 3.4191E-36 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Table 30 continued
The evolution of rotating massive stars at various metallicities 163
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Cu59 7.9995E-23 5.6550E-26 1.4291E-23 6.1150E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 2.6785E-08 7.3295E-09 3.3625E-08 5.0378E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 2.6612E-05 1.2023E-05 2.7818E-05 2.8810E-05 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 4.1091E-07 2.9242E-07 3.8339E-07 3.3546E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 1.9270E-06 4.8940E-07 1.1597E-06 1.2625E-05 6.4275E-09 7.7085E-09 1.0855E-08 1.6857E-08 1.8605E-08
Cu64 2.8458E-10 1.5307E-09 7.6182E-10 1.7337E-08 0.0000E+00 1.4224E-43 0.0000E+00 1.3647E-32 4.0914E-36
Cu65 8.8135E-08 1.0880E-07 1.0240E-07 6.5037E-07 2.9558E-09 3.5448E-09 4.9919E-09 1.1634E-08 8.6446E-09
Cu66 1.4418E-13 2.7913E-16 8.0755E-16 1.3025E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 1.8642E-24 1.9196E-25 7.7506E-24 3.6260E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 3.1800E-23 1.1775E-35 8.7764E-25 9.1138E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 6.0772E-04 4.2816E-04 5.4872E-04 4.8038E-04 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 2.6762E-09 6.0240E-10 1.6578E-09 1.9866E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 1.6565E-05 8.8845E-07 6.8291E-06 3.0092E-05 1.0761E-08 1.2906E-08 1.8175E-08 2.4679E-08 3.1034E-08
Zn65 5.9545E-07 1.3456E-07 4.7789E-07 7.0660E-07 3.6267E-34 8.1749E-32 1.2856E-31 3.0367E-28 3.7540E-23
Zn66 2.7538E-06 1.2223E-06 2.1325E-06 2.7881E-06 6.3669E-09 7.6359E-09 1.0753E-08 1.7401E-08 1.8417E-08
Zn67 1.8706E-08 1.9692E-08 2.3578E-08 1.8849E-07 9.4983E-10 1.1391E-09 1.6041E-09 2.8996E-09 2.7540E-09
Zn68 1.3329E-07 1.5130E-07 1.7169E-07 1.0574E-06 4.4085E-09 5.2871E-09 7.4455E-09 1.4888E-08 1.2794E-08
Zn69 1.3592E-11 1.3108E-11 2.0469E-11 4.0417E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 6.6210E-09 1.0620E-08 2.3774E-08 2.7851E-09 1.5007E-10 1.7996E-10 2.5344E-10 3.1490E-10 4.3193E-10
Zn71 4.3892E-18 1.0700E-24 7.4481E-21 8.3667E-17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 1.0739E-59 1.1438E-59 1.7138E-59 9.8088E-60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 4.3509E-33 2.8850E-39 8.1901E-34 1.2164E-27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 1.8331E-24 3.5098E-36 2.5691E-26 2.1778E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 1.2741E-13 2.8230E-14 1.3151E-13 2.6738E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 6.8172E-06 2.8286E-06 5.1253E-06 4.6516E-06 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 1.9061E-08 7.1054E-09 2.3469E-08 3.4899E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 1.8338E-12 1.1215E-12 6.6440E-12 2.4162E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 2.3184E-08 2.7087E-08 2.9359E-08 1.8650E-07 4.3308E-10 5.1939E-10 7.3142E-10 1.7602E-09 1.2621E-09
Ga70 4.3049E-12 1.4147E-14 1.8935E-13 6.4567E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 2.4729E-08 3.1538E-08 3.3574E-08 1.0582E-07 2.9576E-10 3.5469E-10 4.9950E-10 1.4622E-09 8.6509E-10
Ga72 8.8170E-10 2.9418E-09 3.6345E-09 3.7402E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 1.9550E-32 3.5729E-47 1.7797E-34 9.0947E-28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 2.9913E-38 1.4784E-48 1.2923E-37 1.4868E-34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 1.3367E-06 5.5463E-07 1.0115E-06 9.2632E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 4.5216E-15 1.6755E-15 7.3251E-15 6.5234E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 7.4981E-09 5.3646E-09 3.9248E-08 1.2910E-07 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 3.5472E-12 8.0843E-12 1.6782E-11 2.3058E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 3.7694E-08 4.4126E-08 4.7908E-08 4.2087E-07 6.2056E-10 7.4422E-10 1.0480E-09 2.6183E-09 1.8087E-09
Ge71 1.4144E-09 1.4253E-09 2.7093E-09 4.6545E-08 0.0000E+00 2.2529E-40 0.0000E+00 7.1817E-32 3.9547E-28
Ge72 4.7098E-08 5.4118E-08 6.1223E-08 3.2107E-07 8.4349E-10 1.0116E-09 1.4246E-09 3.1490E-09 2.4490E-09
Ge73 1.2579E-08 1.3067E-08 1.4759E-08 9.6731E-08 2.4005E-10 2.8788E-10 4.0541E-10 8.8685E-10 6.9665E-10
Ge74 8.5474E-08 9.7880E-08 1.0538E-07 4.4682E-07 1.1421E-09 1.3697E-09 1.9288E-09 4.6000E-09 3.3165E-09
Ge75 3.4603E-11 2.9076E-11 3.6747E-11 6.3512E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 1.2229E-08 9.3251E-09 2.1840E-08 2.8206E-09 2.4602E-10 2.9506E-10 4.1551E-10 5.1628E-10 7.0816E-10
Ge77 3.2343E-10 6.4432E-09 5.4859E-09 1.0135E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 2.0818E-13 4.0059E-13 1.0452E-12 1.6313E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 3.1774E-13 6.9254E-13 6.6238E-13 3.2800E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 6.6254E-11 1.3023E-10 1.0343E-10 1.0123E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 1.3977E-11 3.3912E-11 2.3438E-11 1.8588E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 1.4250E-08 1.6198E-08 1.7737E-08 7.4048E-08 1.4251E-10 1.7092E-10 2.4068E-10 5.1777E-10 4.1305E-10
As76 6.7464E-10 2.9755E-10 3.1208E-10 8.8552E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 1.4062E-08 7.7360E-09 6.5524E-09 1.0491E-08 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 2.7645E-09 5.3210E-09 6.4620E-09 4.7714E-08 1.3722E-11 1.6457E-11 2.3174E-11 2.8792E-11 3.9491E-11
Se75 8.1173E-11 1.5978E-10 1.5863E-10 9.4935E-09 0.0000E+00 6.8714E-40 0.0000E+00 5.1840E-34 6.8883E-26
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Se76 2.5146E-08 3.0518E-08 3.6525E-08 1.5767E-07 1.4837E-10 1.7793E-10 2.5058E-10 8.0183E-10 4.3331E-10
Se77 9.6526E-09 9.1715E-09 1.0188E-08 4.0743E-08 1.2241E-10 1.4680E-10 2.0673E-10 4.4999E-10 3.5471E-10
Se78 5.6423E-08 5.9872E-08 7.0236E-08 2.4991E-07 3.8628E-10 4.6326E-10 6.5238E-10 1.9680E-09 1.1251E-09
Se79 4.2762E-09 3.6697E-09 7.8783E-09 5.3608E-08 4.8946E-27 4.9208E-24 6.9938E-24 2.6122E-13 3.6748E-15
Se80 2.5059E-08 2.9490E-08 4.9867E-08 1.6985E-07 8.2688E-10 9.9167E-10 1.3965E-09 1.7606E-09 2.3802E-09
Se81 3.3909E-13 1.8837E-15 7.0649E-15 9.8789E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.1652E-08 8.3032E-09 1.9802E-08 1.0830E-09 1.4915E-10 1.7888E-10 2.5189E-10 3.1302E-10 4.2929E-10
Se83 4.7581E-14 4.5098E-14 1.0373E-13 6.8291E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 9.0448E-16 5.6986E-16 1.0298E-14 2.7908E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 2.1805E-14 6.5516E-14 4.3311E-14 7.0619E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 9.7507E-12 1.2418E-11 9.4937E-12 1.2149E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 3.2898E-15 4.4313E-21 1.5888E-16 6.2128E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 4.7319E-09 5.4351E-09 3.7070E-09 1.4809E-08 1.3224E-10 1.5858E-10 2.2333E-10 3.8940E-10 3.8180E-10
Br80 3.7182E-13 5.7163E-15 9.8834E-14 9.2261E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 7.4320E-09 7.3339E-09 1.1800E-08 3.6678E-08 1.3189E-10 1.5818E-10 2.2274E-10 3.0582E-10 3.7994E-10
Br82 3.1350E-10 1.4532E-10 1.9700E-10 1.6388E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 7.8627E-10 9.5624E-10 1.1639E-09 6.5295E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 9.6857E-10 1.7129E-09 2.3152E-09 4.8441E-09 4.7818E-12 5.7346E-12 8.0759E-12 1.0034E-11 1.3762E-11
Kr79 9.3443E-12 3.1291E-11 5.6368E-11 6.6558E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 1.1055E-08 1.5442E-08 1.9494E-08 4.3687E-08 3.1513E-11 3.7792E-11 5.3221E-11 3.0587E-10 9.3433E-11
Kr81 3.0896E-09 3.8313E-09 3.2646E-09 6.1562E-09 6.4352E-26 6.8013E-24 1.8464E-23 8.8868E-11 9.9466E-13
Kr82 3.9269E-08 4.5395E-08 4.7203E-08 1.1511E-07 1.6185E-10 1.9410E-10 2.7335E-10 1.0527E-09 4.7323E-10
Kr83 1.5282E-08 1.9294E-08 2.1023E-08 4.9670E-08 1.6229E-10 1.9464E-10 2.7409E-10 5.6874E-10 4.6932E-10
Kr84 7.3193E-08 8.0648E-08 9.4803E-08 2.5322E-07 8.0948E-10 9.7078E-10 1.3671E-09 2.7435E-09 2.3392E-09
Kr85 6.9643E-09 7.6160E-09 1.1538E-08 5.8370E-08 0.0000E+00 7.7754E-37 1.1989E-36 1.8301E-29 3.1665E-24
Kr86 5.1287E-08 4.5687E-08 7.3355E-08 1.0940E-07 2.5062E-10 3.0056E-10 4.2326E-10 5.3202E-10 7.2149E-10
Kr87 1.8048E-12 1.8951E-11 1.3069E-11 3.9555E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 2.0037E-20 8.0996E-21 9.3072E-19 1.0070E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 3.5680E-25 4.7983E-35 3.9404E-23 1.0539E-21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 2.0000E-13 1.6249E-13 1.9038E-13 9.7597E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 1.2277E-14 2.2248E-14 2.2311E-14 1.6639E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 7.1477E-11 8.0854E-11 8.5140E-11 1.2299E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 2.4461E-12 3.3504E-12 3.5679E-12 2.8305E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 1.4451E-08 1.5912E-08 1.7599E-08 3.5698E-08 1.8989E-10 2.2774E-10 3.2070E-10 5.8683E-10 5.4820E-10
Rb86 1.5240E-09 2.0007E-09 2.6129E-09 1.2906E-08 0.0000E+00 6.6948E-40 0.0000E+00 6.8882E-32 7.9441E-27
Rb87 2.7019E-08 2.8574E-08 3.6745E-08 4.6049E-08 7.9981E-11 9.5922E-11 1.3509E-10 1.6863E-10 2.3025E-10
Rb88 4.4655E-14 3.0361E-15 1.6223E-14 2.1135E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 1.2210E-08 2.5085E-08 3.4011E-08 8.6511E-09 3.3090E-12 3.9685E-12 5.5887E-12 6.9434E-12 9.5231E-12
Sr85 1.0771E-10 7.1521E-10 1.2617E-09 7.6960E-10 0.0000E+00 2.0172E-41 0.0000E+00 7.0789E-35 6.8801E-27
Sr86 4.4099E-08 6.2374E-08 8.8733E-08 7.3909E-08 5.9911E-11 7.1850E-11 1.0118E-10 7.0084E-10 1.7717E-10
Sr87 2.6868E-08 2.9889E-08 3.5331E-08 5.0343E-08 4.2363E-11 5.0805E-11 7.1542E-11 4.3106E-10 1.2454E-10
Sr88 6.5498E-07 7.4514E-07 9.9184E-07 3.4968E-07 5.1364E-10 6.1601E-10 8.6748E-10 2.6952E-09 1.4884E-09
Sr89 3.1525E-08 3.0661E-08 4.8479E-08 1.4622E-08 0.0000E+00 8.0069E-41 0.0000E+00 2.5363E-32 9.4259E-27
Sr90 2.7241E-08 4.5244E-08 8.6024E-08 3.6615E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 5.2236E-28
Sr91 4.2846E-10 8.4159E-09 4.8893E-09 3.4881E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 4.5479E-14 3.4184E-14 4.9116E-14 3.4978E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 5.3721E-14 1.3408E-13 1.7589E-13 1.3104E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 3.4444E-11 4.9126E-11 6.0416E-11 1.0791E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 3.8395E-11 7.0588E-11 8.3725E-11 2.6137E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 1.8934E-07 2.1597E-07 2.9256E-07 6.5267E-08 1.3746E-10 1.6485E-10 2.3216E-10 5.8117E-10 3.9730E-10
Y90 2.9069E-09 3.3123E-09 4.3549E-09 6.1981E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 4.4547E-08 4.4493E-08 6.9313E-08 1.0637E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 3.9956E-07 5.0255E-07 8.7924E-07 4.6556E-08 1.6765E-10 2.0106E-10 2.8316E-10 5.1481E-10 4.8340E-10
Zr91 4.7035E-08 5.4780E-08 7.5216E-08 9.0803E-09 3.6967E-11 4.4334E-11 6.2433E-11 1.1194E-10 1.0658E-10
Table 30 continued
The evolution of rotating massive stars at various metallicities 165
Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Zr92 1.1776E-07 1.4699E-07 2.0039E-07 1.2715E-08 5.7127E-11 6.8511E-11 9.6480E-11 1.6541E-10 1.6465E-10
Zr93 3.4889E-08 3.7007E-08 5.4305E-08 3.4569E-09 7.7289E-25 2.2659E-24 8.1759E-24 1.1428E-11 5.8176E-14
Zr94 1.3480E-07 1.3637E-07 2.1846E-07 7.6549E-09 5.9151E-11 7.0939E-11 9.9900E-11 1.5107E-10 1.7039E-10
Zr95 1.8055E-08 1.7030E-08 3.0832E-08 1.2592E-09 0.0000E+00 8.4910E-41 0.0000E+00 3.9796E-33 1.2325E-26
Zr96 7.1489E-08 1.0110E-07 1.9249E-07 1.8452E-09 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 3.0496E-27
Zr97 3.6023E-10 3.5876E-09 2.4484E-09 9.8773E-14 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 6.6335E-10 8.7578E-10 1.6901E-09 9.3911E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 5.3988E-11 9.0497E-11 1.6270E-10 1.0583E-11 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 5.7806E-10 8.5055E-10 1.8933E-09 6.5294E-11 2.5543E-11 3.0633E-11 4.3139E-11 5.4070E-11 7.3512E-11
Nb94 3.8955E-11 5.2939E-11 1.0188E-10 1.2225E-12 1.2242E-29 3.5977E-28 1.8557E-28 5.4326E-24 5.7133E-25
Nb95 5.9420E-10 5.9778E-10 1.4224E-09 1.1926E-10 0.0000E+00 3.3446E-41 0.0000E+00 2.1721E-33 1.3451E-26
Nb96 2.4544E-11 1.3933E-11 4.7396E-11 2.2404E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 3.7671E-11 2.6854E-10 1.9617E-10 1.8826E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 5.2815E-08 7.8575E-08 2.0277E-07 1.7959E-10 9.6536E-12 1.1577E-11 1.6304E-11 2.0257E-11 2.7785E-11
Mo93 2.4290E-09 3.1157E-09 8.9927E-09 8.1074E-12 3.4228E-32 1.8424E-28 1.0469E-29 1.7922E-22 4.3372E-20
Mo94 3.2576E-08 4.2866E-08 1.1370E-07 1.1197E-10 6.2141E-12 7.4525E-12 1.0495E-11 1.3063E-11 1.7897E-11
Mo95 6.4298E-09 6.2632E-09 9.6565E-09 1.0316E-10 1.0870E-11 1.3036E-11 1.8357E-11 2.5074E-11 3.1297E-11
Mo96 3.0989E-08 3.8302E-08 7.1616E-08 7.0846E-10 2.1294E-11 2.5539E-11 3.5963E-11 4.9572E-11 6.1319E-11
Mo97 7.2237E-09 8.0082E-09 1.2125E-08 2.8258E-10 6.7263E-12 8.0669E-12 1.1360E-11 1.5699E-11 1.9370E-11
Mo98 2.6406E-08 2.7835E-08 4.4710E-08 1.0112E-09 1.7268E-11 2.0710E-11 2.9164E-11 4.0963E-11 4.9729E-11
Xe132 6.2551E-08 7.4223E-08 1.0830E-07 2.0125E-09 5.7921E-11 6.9463E-11 9.7822E-11 1.2885E-10 1.6675E-10
Xe133 4.9240E-09 6.6789E-09 1.1423E-08 1.4447E-10 0.0000E+00 0.0000E+00 0.0000E+00 2.1495E-34 7.2886E-32
Xe134 3.3764E-08 3.1636E-08 7.5758E-08 3.6380E-10 2.1711E-11 2.6037E-11 3.6667E-11 4.5560E-11 6.2492E-11
Xe135 2.6859E-09 1.5915E-08 2.5458E-08 1.0765E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 1.1024E-08 1.1160E-08 2.2593E-08 2.3549E-10 1.5228E-11 1.8263E-11 2.5718E-11 3.2869E-11 4.3830E-11
Cs134 6.8243E-10 6.6995E-10 1.3360E-09 6.2560E-11 0.0000E+00 1.4708E-38 1.5153E-38 3.5940E-32 4.1964E-25
Cs135 7.7809E-09 1.4418E-08 2.3427E-08 2.7915E-10 2.3009E-25 4.3205E-25 1.5574E-24 1.0653E-15 8.0174E-16
Cs136 2.2802E-09 1.2073E-09 1.9071E-09 8.9579E-11 0.0000E+00 0.0000E+00 0.0000E+00 1.7320E-37 4.8776E-31
Cs137 3.2017E-08 1.3021E-08 1.6746E-08 3.9012E-10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 7.9147E-30
Cs138 1.0907E-16 9.6969E-16 4.5401E-16 3.4096E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 2.7384E-08 3.5314E-08 7.2427E-08 3.2682E-10 4.6683E-12 5.5987E-12 7.8845E-12 1.2303E-11 1.3461E-11
Ba135 6.1991E-09 6.1536E-09 1.0054E-08 1.2582E-10 1.2827E-11 1.5384E-11 2.1664E-11 2.7788E-11 3.6921E-11
Ba136 6.5848E-08 7.9694E-08 1.4611E-07 1.1899E-09 1.5396E-11 1.8465E-11 2.6002E-11 3.7218E-11 4.4351E-11
Ba137 4.2111E-08 4.4785E-08 7.7006E-08 8.1696E-10 2.2180E-11 2.6600E-11 3.7460E-11 4.9699E-11 6.3862E-11
Ba138 7.4849E-07 8.8341E-07 1.7767E-06 3.7381E-09 1.4261E-10 1.7104E-10 2.4086E-10 3.1063E-10 4.1063E-10
Ba139 9.1618E-12 3.1673E-11 4.7036E-11 4.5110E-16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 2.2544E-11 2.8735E-11 5.4718E-11 4.5240E-14 1.5056E-14 1.8057E-14 2.5427E-14 3.1653E-14 4.3338E-14
La139 1.1173E-07 1.0672E-07 2.1047E-07 3.2362E-10 1.6650E-11 1.9968E-11 2.8119E-11 3.5888E-11 4.7934E-11
La140 2.0184E-10 7.4427E-10 1.0311E-09 4.6922E-15 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 2.0900E-07 2.2571E-07 4.9387E-07 4.5037E-10 4.4835E-11 5.3770E-11 7.5720E-11 9.5417E-11 1.2907E-10
Ce141 1.5024E-08 3.0128E-08 4.1823E-08 4.5353E-11 0.0000E+00 0.0000E+00 0.0000E+00 4.1246E-35 5.0109E-28
Pr141 1.6169E-08 1.7174E-08 5.0080E-08 3.3306E-11 7.0471E-12 8.4514E-12 1.1902E-11 1.4898E-11 2.0285E-11
Pr142 4.6910E-10 1.7039E-09 3.7108E-09 1.2296E-13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 5.7480E-08 7.1808E-08 2.1413E-07 9.7915E-11 9.6194E-12 1.1536E-11 1.6246E-11 2.0481E-11 2.7694E-11
Nd143 5.4809E-09 5.9072E-09 1.1935E-08 1.2226E-11 4.3066E-12 5.1649E-12 7.2733E-12 9.0752E-12 1.2395E-11
Nd144 1.7121E-08 1.8665E-08 3.9430E-08 3.2809E-11 8.5591E-12 1.0265E-11 1.4455E-11 1.8074E-11 2.4639E-11
Hg202 3.3558E-08 3.4967E-08 8.3423E-08 4.8565E-11 8.4962E-12 1.0189E-11 1.4349E-11 1.8012E-11 2.4460E-11
Hg203 1.4088E-09 5.3650E-09 1.5311E-08 9.2643E-13 0.0000E+00 0.0000E+00 0.0000E+00 6.2420E-35 1.8892E-27
Hg204 2.3177E-09 1.6560E-08 5.3547E-08 2.6976E-12 1.9742E-12 2.3675E-12 3.3341E-12 4.1426E-12 5.6820E-12
Hg205 1.5973E-18 8.7220E-17 7.4669E-17 1.1653E-19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 1.5702E-08 1.4788E-08 3.0093E-08 2.5009E-11 4.5338E-12 5.4373E-12 7.6570E-12 9.5901E-12 1.3051E-11
Tl204 2.0805E-09 2.3990E-09 5.0186E-09 3.7750E-12 0.0000E+00 2.5440E-39 3.2487E-39 2.1220E-33 3.8072E-26
Tl205 2.6497E-08 2.6612E-08 6.0495E-08 2.7910E-11 1.0929E-11 1.3107E-11 1.8458E-11 2.3094E-11 3.1460E-11
Tl206 6.6531E-16 2.3585E-16 3.2664E-16 2.9773E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 30 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙ 30 M⊙ 40 M⊙ 60 M⊙ 80 M⊙ 120 M⊙
Pb204 2.0671E-08 2.0921E-08 5.2537E-08 2.4566E-11 2.1817E-12 2.6164E-12 3.6846E-12 4.6963E-12 6.2831E-12
Pb205 6.6677E-09 7.8222E-09 1.7648E-08 1.0712E-11 2.0025E-27 1.8131E-27 2.4092E-27 3.9038E-22 3.0868E-24
Pb206 1.1612E-07 1.2578E-07 2.7614E-07 1.1809E-10 2.0500E-11 2.4585E-11 3.4622E-11 4.3476E-11 5.9017E-11
Pb207 1.1471E-07 1.2296E-07 2.6627E-07 1.0057E-10 2.2795E-11 2.7337E-11 3.8498E-11 4.8233E-11 6.5624E-11
Pb208 1.8270E-07 2.0199E-07 4.6487E-07 2.1030E-10 6.5562E-11 7.8627E-11 1.1073E-10 1.3839E-10 1.8873E-10
Pb209 5.7163E-14 1.7454E-13 2.9243E-13 2.0762E-18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 4.2444E-10 7.4501E-10 3.4109E-09 1.8986E-12 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 5.4350E-09 5.9886E-09 1.0820E-08 1.4556E-11 8.8906E-12 1.0662E-11 1.5015E-11 1.8690E-11 2.5591E-11
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Table 31. Isotopic yields in the wind - Recommended set
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
v=0 km/s - [Fe/H]=0
H 7.9437E-01 1.2188E+00 8.5000E+00 1.0135E+01
H2 2.9523E-06 3.6682E-06 5.8878E-06 7.3598E-06
H3 1.7054E-30 3.1250E-26 2.0669E-16 4.3294E-14
He3 4.6963E-05 6.9968E-05 4.6986E-04 5.4836E-04
He4 3.1961E-01 4.9952E-01 3.7908E+00 6.1010E+00
Li6 5.9770E-11 7.4266E-11 1.1972E-10 1.5018E-10
Li7 8.4900E-10 1.0549E-09 1.7985E-09 2.2774E-09
Be7 8.1083E-25 1.1721E-23 7.2389E-17 4.7919E-12
Be9 1.6797E-11 2.0871E-11 6.2224E-11 7.6757E-11
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 9.5849E-11 1.2419E-10 3.8508E-10 5.9700E-10
B11 1.2602E-09 1.8599E-09 1.1279E-08 1.3480E-08
C12 1.7190E-03 2.6176E-03 1.7858E-02 2.1608E-02
C13 8.2730E-05 1.2971E-04 1.0112E-03 1.2679E-03
C14 2.2129E-27 5.9481E-27 5.4961E-25 1.7478E-17
N13 0.0000E+00 0.0000E+00 6.2356E-23 1.7033E-15
N14 2.4468E-03 3.9420E-03 3.2974E-02 5.5002E-02
N15 9.3107E-07 1.3933E-06 8.9947E-06 1.0949E-05
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 2.8489E-42 6.4218E-41 2.5843E-24 2.9294E-16
O16 5.7881E-03 8.7803E-03 5.8412E-02 6.6833E-02
O17 6.5317E-06 9.0916E-06 4.2936E-05 3.8368E-05
O18 1.0078E-05 1.5311E-05 1.0709E-04 1.2841E-04
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 0.0000E+00 0.0000E+00 1.6553E-28 7.0144E-20
F18 0.0000E+00 0.0000E+00 4.0253E-29 1.5716E-20
F19 4.8518E-07 7.3225E-07 4.9502E-06 5.6860E-06
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 1.3139E-03 2.0262E-03 1.4470E-02 1.8993E-02
Ne21 4.7806E-06 7.9938E-06 7.2679E-05 9.7720E-05
Ne22 9.0322E-05 1.3751E-04 9.2448E-04 1.0700E-03
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 0.0000E+00 0.0000E+00 1.5096E-25 1.4583E-18
Na23 4.9989E-05 7.9062E-05 6.3493E-04 1.1335E-03
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 6.2744E-04 9.6782E-04 6.9223E-03 9.1446E-03
Mg25 7.6661E-05 1.1624E-04 7.7638E-04 8.8746E-04
Mg26 1.0092E-04 1.5765E-04 1.1805E-03 1.6487E-03
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 1.1298E-10 9.0532E-10 1.5204E-07 1.7698E-06
Alg6 1.1298E-10 9.0532E-10 1.5204E-07 1.7698E-06
Alm6 0.0000E+00 0.0000E+00 2.5494E-38 1.5286E-25
Al27 6.3414E-05 9.7928E-05 7.0467E-04 9.8495E-04
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 6.9472E-04 1.0716E-03 7.6648E-03 1.0125E-02
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Si29 3.6536E-05 5.6357E-05 4.0309E-04 5.3244E-04
Si30 2.4916E-05 3.8432E-05 2.7489E-04 3.6311E-04
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 6.6244E-06 1.0218E-05 7.3086E-05 9.6542E-05
P32 0.0000E+00 0.0000E+00 4.4841E-36 1.3048E-28
P33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 3.3292E-04 5.1352E-04 3.6730E-03 4.8518E-03
S33 2.7486E-06 4.2398E-06 3.0324E-05 4.0057E-05
S34 1.5985E-05 2.4657E-05 1.7636E-04 2.3295E-04
S35 0.0000E+00 0.0000E+00 3.0156E-35 8.8010E-28
S36 7.8907E-08 1.2171E-07 8.7056E-07 1.1499E-06
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 6.9728E-06 1.0755E-05 7.6929E-05 1.0162E-04
Cl36 2.4755E-25 3.5813E-25 5.2239E-24 3.8079E-13
Cl37 2.3559E-06 3.6339E-06 2.5992E-05 3.4333E-05
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 6.3597E-05 9.8096E-05 7.0164E-04 9.2681E-04
Ar37 1.1023E-27 3.4937E-27 6.5271E-26 1.0402E-22
Ar38 1.2205E-05 1.8827E-05 1.3466E-04 1.7787E-04
Ar39 2.5895E-45 2.5396E-41 7.9480E-31 1.7856E-23
Ar40 2.0549E-08 3.1696E-08 2.2671E-07 2.9946E-07
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 3.2355E-06 4.9909E-06 3.5697E-05 4.7153E-05
K40 5.1972E-09 8.0271E-09 5.7523E-08 7.6061E-08
K41 2.4548E-07 3.7865E-07 2.7083E-06 3.5773E-06
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 7.0526E-05 1.0879E-04 7.7810E-04 1.0278E-03
Ca41 1.1895E-21 1.5267E-21 9.7658E-21 3.3402E-12
Ca42 4.9424E-07 7.6236E-07 5.4528E-06 7.2027E-06
Ca43 1.0558E-07 1.6286E-07 1.1648E-06 1.5387E-06
Ca44 1.6694E-06 2.5749E-06 1.8417E-05 2.4329E-05
Ca45 0.0000E+00 0.0000E+00 1.5443E-34 4.5246E-27
Ca46 3.3466E-09 5.1620E-09 3.6922E-08 4.8771E-08
Ca47 0.0000E+00 0.0000E+00 5.8735E-39 1.7135E-31
Ca48 1.6326E-07 2.5182E-07 1.8011E-06 2.3792E-06
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 5.2844E-08 8.1513E-08 5.8302E-07 7.7012E-07
Sc46 0.0000E+00 0.0000E+00 5.4439E-35 1.6062E-27
Sc47 0.0000E+00 0.0000E+00 4.4761E-39 1.3058E-31
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 2.8119E-07 4.3373E-07 3.1022E-06 4.0979E-06
Ti47 2.5910E-07 3.9965E-07 2.8585E-06 3.7758E-06
Ti48 2.6219E-06 4.0442E-06 2.8926E-05 3.8209E-05
Ti49 1.9641E-07 3.0296E-07 2.1670E-06 2.8624E-06
Ti50 1.9190E-07 2.9601E-07 2.1172E-06 2.7967E-06
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 8.8450E-10 1.3643E-09 9.7584E-09 1.2890E-08
V51 3.5998E-07 5.5525E-07 3.9715E-06 5.2459E-06
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 7.8839E-07 1.2161E-06 8.6981E-06 1.1489E-05
Cr51 2.8072E-28 8.4095E-28 1.4554E-26 1.7028E-23
Cr52 1.5811E-05 2.4389E-05 1.7444E-04 2.3043E-04
Cr53 1.8274E-06 2.8187E-06 2.0161E-05 2.6631E-05
Cr54 4.6345E-07 7.1489E-07 5.1132E-06 6.7541E-06
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.2307E-05 1.8984E-05 1.3578E-04 1.7935E-04
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 8.2978E-05 1.2799E-04 9.1548E-04 1.2093E-03
Fe55 6.5341E-24 1.1201E-23 8.6617E-23 3.0622E-18
Fe56 1.3508E-03 2.0837E-03 1.4904E-02 1.9686E-02
Fe57 3.1754E-05 4.8980E-05 3.5033E-04 4.6275E-04
Fe58 4.3000E-06 6.6327E-06 4.7440E-05 6.2664E-05
Fe59 0.0000E+00 0.0000E+00 3.1953E-34 9.3800E-27
Fe60 0.0000E+00 0.0000E+00 0.0000E+00 9.4348E-25
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 4.7933E-06 7.3937E-06 5.2883E-05 6.9854E-05
Co60 0.0000E+00 0.0000E+00 5.8247E-32 1.5276E-24
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 5.4477E-05 8.4031E-05 6.0103E-04 7.9391E-04
Ni59 3.0180E-21 3.8284E-21 2.4181E-20 8.4141E-12
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ni60 2.1709E-05 3.3485E-05 2.3950E-04 3.1636E-04
Ni61 9.5936E-07 1.4798E-06 1.0584E-05 1.3981E-05
Ni62 3.1090E-06 4.7956E-06 3.4301E-05 4.5308E-05
Ni63 0.0000E+00 0.0000E+00 1.4829E-30 3.7802E-23
Ni64 8.1731E-07 1.2607E-06 9.0172E-06 1.1911E-05
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 5.6111E-07 8.6551E-07 6.1905E-06 8.1771E-06
Cu64 0.0000E+00 0.0000E+00 5.9617E-36 1.7147E-28
Cu65 2.5804E-07 3.9801E-07 2.8468E-06 3.7603E-06
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 9.3944E-07 1.4491E-06 1.0365E-05 1.3691E-05
Zn65 2.7832E-40 5.8388E-38 6.5824E-31 4.4025E-24
Zn66 5.5581E-07 8.5734E-07 6.1322E-06 8.1001E-06
Zn67 8.2917E-08 1.2790E-07 9.1480E-07 1.2084E-06
Zn68 3.8486E-07 5.9363E-07 4.2460E-06 5.6086E-06
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 1.3100E-08 2.0206E-08 1.4453E-07 1.9090E-07
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 3.7807E-08 5.8316E-08 4.1711E-07 5.5096E-07
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 2.5818E-08 3.9825E-08 2.8484E-07 3.7626E-07
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 5.4173E-08 8.3560E-08 5.9767E-07 7.8947E-07
Ge71 0.0000E+00 0.0000E+00 6.7926E-36 1.9889E-28
Ge72 7.3635E-08 1.1358E-07 8.1239E-07 1.0731E-06
Ge73 2.0955E-08 3.2323E-08 2.3119E-07 3.0538E-07
Ge74 9.9698E-08 1.5378E-07 1.0999E-06 1.4529E-06
Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 2.1477E-08 3.3130E-08 2.3696E-07 3.1300E-07
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 1.2441E-08 1.9189E-08 1.3725E-07 1.8131E-07
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 1.1978E-09 1.8477E-09 1.3215E-08 1.7456E-08
Se75 0.0000E+00 0.0000E+00 5.4766E-36 1.6045E-28
Se76 1.2952E-08 1.9978E-08 1.4289E-07 1.8875E-07
Se77 1.0686E-08 1.6482E-08 1.1789E-07 1.5573E-07
Se78 3.3722E-08 5.2016E-08 3.7204E-07 4.9143E-07
Se79 5.8478E-28 8.3843E-28 1.9306E-26 7.0072E-17
Se80 7.2185E-08 1.1134E-07 7.9639E-07 1.0520E-06
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.3020E-08 2.0083E-08 1.4364E-07 1.8975E-07
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.1544E-08 1.7806E-08 1.2736E-07 1.6823E-07
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 1.1513E-08 1.7759E-08 1.2702E-07 1.6778E-07
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 4.1744E-10 6.4389E-10 4.6054E-09 6.0834E-09
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 2.7510E-09 4.2434E-09 3.0351E-08 4.0092E-08
Kr81 2.3902E-27 3.4066E-27 5.4119E-26 5.5454E-15
Kr82 1.4129E-08 2.1794E-08 1.5588E-07 2.0591E-07
Kr83 1.4167E-08 2.1854E-08 1.5631E-07 2.0647E-07
Kr84 7.0664E-08 1.0900E-07 7.7962E-07 1.0298E-06
Kr85 0.0000E+00 0.0000E+00 2.5690E-33 7.2786E-26
Kr86 2.1879E-08 3.3748E-08 2.4137E-07 3.1884E-07
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 1.6578E-08 2.5570E-08 1.8289E-07 2.4158E-07
Rb86 0.0000E+00 0.0000E+00 1.2278E-35 3.5994E-28
Rb87 6.9813E-09 1.0769E-08 7.7030E-08 1.0175E-07
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 2.8886E-10 4.4557E-10 3.1869E-09 4.2098E-09
Sr85 0.0000E+00 0.0000E+00 7.4778E-37 2.1916E-29
Sr86 5.2300E-09 8.0673E-09 5.7701E-08 7.6218E-08
Sr87 3.6991E-09 5.7054E-09 4.0804E-08 5.3896E-08
Sr88 4.4839E-08 6.9164E-08 4.9470E-07 6.5345E-07
Sr89 0.0000E+00 0.0000E+00 1.3671E-36 3.9892E-29
Sr90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 1.2000E-08 1.8510E-08 1.3239E-07 1.7487E-07
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 1.4636E-08 2.2575E-08 1.6147E-07 2.1329E-07
Zr91 3.2272E-09 4.9778E-09 3.5605E-08 4.7030E-08
Zr92 4.9869E-09 7.6924E-09 5.5020E-08 7.2677E-08
Zr93 2.1663E-26 3.7734E-26 5.1846E-25 1.9923E-15
Zr94 5.1638E-09 7.9649E-09 5.6970E-08 7.5252E-08
Zr95 0.0000E+00 0.0000E+00 1.3568E-36 3.9672E-29
Zr96 7.5445E-11 9.3743E-11 1.5047E-10 1.8809E-10
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 2.2298E-09 3.4394E-09 2.4601E-08 3.2495E-08
Nb94 1.5857E-29 2.7121E-29 8.5813E-28 4.4372E-22
Nb95 0.0000E+00 0.0000E+00 7.4064E-37 2.1651E-29
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 8.4274E-10 1.2999E-09 9.2977E-09 1.2281E-08
Mo93 1.4080E-33 5.6263E-33 9.3090E-31 1.3761E-24
Mo94 5.4248E-10 8.3677E-10 5.9850E-09 7.9057E-09
Mo95 9.4888E-10 1.4636E-09 1.0469E-08 1.3828E-08
Mo96 1.7835E-09 2.7736E-09 2.0358E-08 2.6903E-08
Mo97 5.8720E-10 9.0575E-10 6.4784E-09 8.5574E-09
Mo98 1.5075E-09 2.3252E-09 1.6632E-08 2.1969E-08
Xe132 5.0563E-09 7.7993E-09 5.5785E-08 7.3687E-08
Xe133 0.0000E+00 0.0000E+00 2.4333E-37 7.0394E-30
Xe134 1.8953E-09 2.9234E-09 2.0910E-08 2.7620E-08
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 1.3294E-09 2.0506E-09 1.4666E-08 1.9373E-08
Cs134 0.0000E+00 0.0000E+00 7.6432E-35 2.1230E-27
Cs135 1.2724E-26 2.2080E-26 2.4849E-25 3.2060E-16
Cs136 0.0000E+00 0.0000E+00 0.0000E+00 3.2215E-35
Cs137 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 4.0754E-10 6.2861E-10 4.4963E-09 5.9391E-09
Ba135 1.1198E-09 1.7273E-09 1.2354E-08 1.6319E-08
Ba136 1.3441E-09 2.0732E-09 1.4829E-08 1.9587E-08
Ba137 1.9363E-09 2.9866E-09 2.1363E-08 2.8218E-08
Ba138 1.2450E-08 1.9205E-08 1.3736E-07 1.8144E-07
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.3144E-12 2.0274E-12 1.4501E-11 1.9155E-11
La139 1.4535E-09 2.2420E-09 1.6036E-08 2.1182E-08
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 3.9139E-09 6.0371E-09 4.3181E-08 5.7039E-08
Ce141 0.0000E+00 0.0000E+00 1.6039E-37 4.6842E-30
Pr141 6.1518E-10 9.4892E-10 6.7871E-09 8.9653E-09
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 8.3974E-10 1.2953E-09 9.2646E-09 1.2238E-08
Nd143 3.7596E-10 5.7991E-10 4.1478E-09 5.4789E-09
Nd144 7.4718E-10 1.1525E-09 8.2435E-09 1.0889E-08
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Hg202 7.4170E-10 1.1441E-09 8.1829E-09 1.0809E-08
Hg203 0.0000E+00 0.0000E+00 3.0336E-37 5.8971E-30
Hg204 1.7233E-10 2.6582E-10 1.9013E-09 2.5115E-09
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 3.9578E-10 6.1049E-10 4.3666E-09 5.7678E-09
Tl204 0.0000E+00 0.0000E+00 1.1758E-35 3.4104E-28
Tl205 9.5407E-10 1.4716E-09 1.0526E-08 1.3904E-08
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 1.9045E-10 2.9377E-10 2.1012E-09 2.7755E-09
Pb205 4.7557E-26 6.6532E-26 4.8987E-25 7.4624E-20
Pb206 1.7896E-09 2.7604E-09 1.9744E-08 2.6080E-08
Pb207 1.9900E-09 3.0695E-09 2.1954E-08 2.9001E-08
Pb208 5.7235E-09 8.8283E-09 6.3144E-08 8.3409E-08
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 7.7613E-10 1.1972E-09 8.5628E-09 1.1311E-08
v=150 km/s - [Fe/H]=0
H 4.7318E+00 5.1210E+00 6.2244E+00 7.5858E+00
H2 2.0492E-16 1.7375E-14 2.4826E-11 5.4809E-10
H3 4.1460E-25 1.4821E-21 2.1077E-16 4.4136E-14
He3 2.3450E-04 2.4227E-04 2.7133E-04 3.1257E-04
He4 3.0970E+00 3.4539E+00 5.7801E+00 7.7140E+00
Li6 2.5796E-12 4.7380E-12 1.1691E-11 1.9589E-11
Li7 5.5515E-11 1.0547E-10 2.5745E-10 4.5103E-10
Be7 3.9224E-12 9.6022E-12 5.4825E-12 1.2672E-11
Be9 1.8120E-12 3.3548E-12 7.6715E-12 1.4468E-11
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 1.2963E-11 2.3345E-11 5.2057E-11 9.8998E-11
B11 2.7792E-09 3.0488E-09 3.4023E-09 3.8506E-09
C12 8.5671E-03 8.9337E-03 9.3368E-02 2.0129E-01
C13 6.7498E-04 6.5588E-04 2.2015E-03 2.4835E-03
C14 8.9776E-15 7.1068E-23 4.0067E-13 2.5512E-13
N13 5.5879E-14 1.0098E-13 3.5200E-14 3.2668E-14
N14 3.3271E-02 3.5719E-02 6.6841E-02 8.5463E-02
N15 3.5561E-06 3.8003E-06 4.8309E-06 5.6099E-06
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 1.3917E-15 2.3016E-14 8.0203E-16 9.7850E-16
O16 3.1712E-02 3.3071E-02 6.0638E-02 8.1134E-02
O17 3.0336E-05 2.9678E-05 2.8821E-05 2.8783E-05
O18 5.0463E-05 5.3415E-05 6.4938E-05 7.7622E-05
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 6.2412E-18 7.6161E-17 1.1897E-18 9.4528E-19
F18 1.4294E-18 3.5740E-17 1.8589E-19 1.6689E-19
F19 2.4527E-06 2.5712E-06 3.2878E-06 4.2234E-06
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 9.1698E-03 1.0033E-02 1.4060E-02 1.7960E-02
Ne21 6.2613E-05 7.1160E-05 9.1044E-05 1.0589E-04
Ne22 5.1263E-04 4.9539E-04 3.0679E-03 6.3986E-03
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 1.5641E-16 1.0080E-14 1.7940E-18 2.8767E-18
Na23 6.2206E-04 6.9203E-04 1.2373E-03 1.7207E-03
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 4.4118E-03 4.8306E-03 6.8280E-03 8.7517E-03
Mg25 4.2675E-04 4.5087E-04 5.1591E-04 5.8885E-04
Mg26 8.0082E-04 8.9711E-04 1.3411E-03 1.7744E-03
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 3.9109E-06 3.0140E-06 8.2307E-06 9.6810E-06
Alg6 3.9109E-06 3.0140E-06 8.2307E-06 9.6810E-06
Alm6 2.8356E-23 1.1964E-21 1.0317E-23 1.4340E-23
Al27 4.6803E-04 5.1042E-04 7.7767E-04 1.0229E-03
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 4.8847E-03 5.3484E-03 7.5593E-03 9.6894E-03
Si29 2.5688E-04 2.8127E-04 3.9762E-04 5.0976E-04
Si30 1.7519E-04 1.9181E-04 2.7124E-04 3.4780E-04
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 4.6582E-05 5.1001E-05 7.2191E-05 9.2621E-05
P32 7.4938E-28 3.8300E-32 1.3463E-32 1.5282E-32
P33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 2.3407E-03 2.5629E-03 3.6216E-03 4.6414E-03
S33 1.9342E-05 2.1167E-05 3.0591E-05 3.9857E-05
S34 1.1239E-04 1.2306E-04 1.7396E-04 2.2299E-04
S35 5.0146E-27 2.5752E-31 9.0300E-32 1.0260E-31
S36 5.5479E-07 6.0747E-07 8.5853E-07 1.1004E-06
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 4.9022E-05 5.3679E-05 7.5797E-05 9.7091E-05
Cl36 3.4449E-10 1.4793E-10 2.1854E-08 5.6838E-08
Cl37 1.6582E-05 1.8145E-05 2.6179E-05 3.4041E-05
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 4.4712E-04 4.8958E-04 6.9146E-04 8.8583E-04
Ar37 4.5202E-22 6.5746E-26 2.6427E-24 5.1962E-24
Ar38 8.5814E-05 9.3962E-05 1.3278E-04 1.7015E-04
Ar39 3.6163E-22 1.4399E-26 5.7352E-23 6.6050E-25
Ar40 1.4447E-07 1.5819E-07 2.2356E-07 2.8655E-07
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 2.2749E-05 2.4908E-05 3.5209E-05 4.5132E-05
K40 3.7457E-08 4.0426E-08 8.7969E-08 1.4134E-07
K41 1.7267E-06 1.8900E-06 2.6797E-06 3.4345E-06
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 4.9585E-04 5.4294E-04 7.6696E-04 9.8270E-04
Ca41 1.0836E-08 4.7629E-09 3.5230E-07 7.8142E-07
Ca42 3.4760E-06 3.8053E-06 5.4177E-06 6.9763E-06
Ca43 7.4235E-07 8.1282E-07 1.1505E-06 1.4762E-06
Ca44 1.1737E-05 1.2851E-05 1.8158E-05 2.3269E-05
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ca45 2.5777E-26 1.3227E-30 4.6357E-31 5.2682E-31
Ca46 2.3529E-08 2.5763E-08 3.6397E-08 4.6637E-08
Ca47 9.7160E-31 5.0081E-35 1.7557E-35 1.9962E-35
Ca48 1.1478E-06 1.2568E-06 1.7761E-06 2.2765E-06
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 3.7172E-07 4.0690E-07 5.8196E-07 7.5263E-07
Sc46 9.5819E-27 4.7803E-31 1.7085E-31 1.9278E-31
Sc47 7.4047E-31 3.8166E-35 1.3381E-35 1.5213E-35
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 1.9770E-06 2.1647E-06 3.0597E-06 3.9218E-06
Ti47 1.8213E-06 1.9944E-06 2.8090E-06 3.5912E-06
Ti48 1.8432E-05 2.0183E-05 2.8466E-05 3.6427E-05
Ti49 1.3830E-06 1.5131E-06 2.2071E-06 2.8943E-06
Ti50 1.3495E-06 1.4775E-06 2.0969E-06 2.6954E-06
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 6.2172E-09 6.8086E-09 9.5839E-09 1.2249E-08
V51 2.5316E-06 2.7715E-06 3.9325E-06 5.0553E-06
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 5.5417E-06 6.0688E-06 8.5406E-06 1.0914E-05
Cr51 8.0471E-23 1.2865E-26 1.5039E-24 2.4529E-24
Cr52 1.1117E-04 1.2172E-04 1.7197E-04 2.2038E-04
Cr53 1.2846E-05 1.4067E-05 1.9838E-05 2.5390E-05
Cr54 3.2635E-06 3.5699E-06 5.1712E-06 6.7409E-06
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 8.6592E-05 9.4770E-05 1.3566E-04 1.7549E-04
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 5.8331E-04 6.3875E-04 9.0016E-04 1.1514E-03
Fe55 3.0938E-17 3.1410E-17 5.1080E-15 1.5151E-14
Fe56 9.4969E-03 1.0399E-02 1.4689E-02 1.8822E-02
Fe57 2.2343E-04 2.4453E-04 3.5187E-04 4.5699E-04
Fe58 3.0298E-05 3.3132E-05 4.9025E-05 6.4764E-05
Fe59 6.6136E-26 2.9823E-30 1.1007E-30 1.2166E-30
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Fe60 7.0563E-16 5.6114E-16 7.6295E-14 3.2161E-13
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 3.3702E-05 3.6901E-05 5.2174E-05 6.6840E-05
Co60 1.3160E-21 1.0328E-21 1.4060E-19 5.9210E-19
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 3.8298E-04 4.1937E-04 5.9133E-04 7.5663E-04
Ni59 2.8534E-08 1.2775E-08 9.9849E-07 2.2803E-06
Ni60 1.5262E-04 1.6712E-04 2.3611E-04 3.0255E-04
Ni61 6.7596E-06 7.3917E-06 1.0862E-05 1.4314E-05
Ni62 2.1861E-05 2.3936E-05 3.3933E-05 4.3584E-05
Ni63 3.6865E-22 1.3740E-26 3.2651E-24 2.9725E-26
Ni64 5.7467E-06 6.2922E-06 8.9006E-06 1.1414E-05
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 3.9483E-06 4.3210E-06 6.1802E-06 7.9841E-06
Cu64 1.0492E-27 5.1605E-32 1.8436E-32 2.0771E-32
Cu65 1.8156E-06 1.9870E-06 2.8507E-06 3.6933E-06
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 6.6046E-06 7.2320E-06 1.0205E-05 1.3064E-05
Zn65 2.7894E-23 1.4815E-27 9.1344E-27 8.8463E-28
Zn66 3.9077E-06 4.2788E-06 6.0412E-06 7.7370E-06
Zn67 5.8309E-07 6.3838E-07 9.0554E-07 1.1640E-06
Zn68 2.7061E-06 2.9628E-06 4.1936E-06 5.3809E-06
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 9.2095E-08 1.0085E-07 1.4230E-07 1.8218E-07
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 2.6595E-07 2.9110E-07 4.1424E-07 5.3340E-07
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 1.8156E-07 1.9877E-07 2.8210E-07 3.6267E-07
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 3.8094E-07 4.1706E-07 5.9115E-07 7.5915E-07
Ge71 1.1474E-27 5.8484E-32 2.0596E-32 2.3360E-32
Ge72 5.1768E-07 5.6686E-07 8.0020E-07 1.0247E-06
Ge73 1.4732E-07 1.6132E-07 2.2778E-07 2.9175E-07
Ge74 7.0101E-07 7.6753E-07 1.0861E-06 1.3933E-06
Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 1.5099E-07 1.6534E-07 2.3328E-07 2.9866E-07
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 8.7458E-08 9.5770E-08 1.3515E-07 1.7303E-07
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 8.4163E-09 9.2197E-09 1.2889E-08 1.6387E-08
Se75 8.6005E-28 4.5951E-32 1.5803E-32 1.8110E-32
Se76 9.1126E-08 9.9734E-08 1.4231E-07 1.8368E-07
Se77 7.5116E-08 8.2257E-08 1.1604E-07 1.4850E-07
Se78 2.3714E-07 2.5962E-07 3.6823E-07 4.7319E-07
Se79 1.0318E-15 5.6940E-16 3.0112E-14 3.1057E-14
Se80 5.0744E-07 5.5567E-07 7.8294E-07 1.0013E-06
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 9.1539E-08 1.0023E-07 1.4155E-07 1.8133E-07
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 8.1106E-08 8.8841E-08 1.2440E-07 1.5829E-07
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 8.0971E-08 8.8641E-08 1.2566E-07 1.6133E-07
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 2.9333E-09 3.2129E-09 4.4940E-09 5.7143E-09
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 1.9398E-08 2.1201E-08 3.1099E-08 4.0980E-08
Kr81 8.5108E-12 3.2138E-12 3.2300E-10 7.8375E-10
Kr82 9.9423E-08 1.0881E-07 1.5621E-07 2.0245E-07
Kr83 9.9566E-08 1.0905E-07 1.5333E-07 1.9579E-07
Kr84 4.9681E-07 5.4399E-07 7.6821E-07 9.8415E-07
Kr85 4.3612E-25 2.1374E-29 7.6087E-30 8.5983E-30
Kr86 1.5382E-07 1.6843E-07 2.3800E-07 3.0501E-07
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 1.1655E-07 1.2762E-07 1.8008E-07 2.3050E-07
Rb86 2.0430E-27 1.0518E-31 3.6753E-32 4.1799E-32
Rb87 4.9080E-08 5.3744E-08 7.5920E-08 9.7277E-08
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 2.0296E-09 2.2232E-09 3.1071E-09 3.9487E-09
Sr85 1.1709E-28 6.2710E-33 2.1542E-33 2.4694E-33
Sr86 3.6872E-08 4.0304E-08 5.9573E-08 7.8767E-08
Sr87 2.6025E-08 2.8483E-08 4.0745E-08 5.2638E-08
Sr88 3.1527E-07 3.4519E-07 4.8821E-07 6.2602E-07
Sr89 2.2781E-28 1.1687E-32 4.1026E-33 4.6606E-33
Sr90 4.1719E-42 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 8.4369E-08 9.2380E-08 1.3060E-07 1.6744E-07
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 1.0290E-07 1.1267E-07 1.5924E-07 2.0411E-07
Zr91 2.2690E-08 2.4844E-08 3.5131E-08 4.5050E-08
Zr92 3.5065E-08 3.8392E-08 5.4314E-08 6.9665E-08
Zr93 3.2075E-12 1.3400E-12 9.9633E-11 2.2510E-10
Zr94 3.6303E-08 3.9751E-08 5.6107E-08 7.1844E-08
Zr95 2.2402E-28 1.1575E-32 4.0517E-33 4.6097E-33
Zr96 3.1520E-42 0.0000E+00 0.0000E+00 0.0000E+00
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 1.5668E-08 1.7162E-08 2.4020E-08 3.0556E-08
Nb94 2.1061E-21 1.4575E-22 2.4706E-20 3.1871E-20
Nb95 1.2235E-28 6.3173E-33 2.2116E-33 2.5161E-33
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 5.9233E-09 6.4869E-09 9.1200E-09 1.1645E-08
Mo93 1.8159E-20 7.3176E-21 1.9591E-18 6.6853E-18
Mo94 3.8228E-09 4.1796E-09 6.0840E-09 7.9705E-09
Mo95 6.6714E-09 7.3048E-09 1.0326E-08 1.3235E-08
Mo96 1.3071E-08 1.4312E-08 2.0259E-08 2.5998E-08
Mo97 4.1294E-09 4.5208E-09 6.4054E-09 8.2241E-09
Mo98 1.0601E-08 1.1606E-08 1.6462E-08 2.1154E-08
Xe132 3.5548E-08 3.8924E-08 5.4944E-08 7.0357E-08
Xe133 3.9560E-29 2.0788E-33 7.2749E-34 8.2761E-34
Xe134 1.3325E-08 1.4590E-08 2.0590E-08 2.6362E-08
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 9.3421E-09 1.0232E-08 1.4356E-08 1.8300E-08
Cs134 1.1460E-26 6.4356E-31 2.2325E-31 2.5504E-31
Cs135 2.9090E-13 1.0373E-13 4.5120E-12 9.9658E-12
Cs136 2.5382E-31 4.0118E-36 1.9814E-36 2.0189E-36
Cs137 3.2615E-44 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 2.8744E-09 3.1410E-09 4.6385E-09 6.1378E-09
Ba135 7.8687E-09 8.6189E-09 1.2104E-08 1.5440E-08
Table 31 continued
The evolution of rotating massive stars at various metallicities 179
Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ba136 9.4572E-09 1.0350E-08 1.4811E-08 1.9154E-08
Ba137 1.3613E-08 1.4906E-08 2.1057E-08 2.6976E-08
Ba138 8.7537E-08 9.5848E-08 1.3554E-07 1.7381E-07
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 9.2412E-12 1.0119E-11 1.4301E-11 1.8330E-11
La139 1.0219E-08 1.1190E-08 1.5818E-08 2.0278E-08
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 2.7519E-08 3.0131E-08 4.2592E-08 5.4597E-08
Ce141 2.6661E-29 1.3707E-33 4.8098E-34 5.4660E-34
Pr141 4.3243E-09 4.7356E-09 6.6709E-09 8.5304E-09
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 5.9054E-09 6.4652E-09 9.1674E-09 1.1778E-08
Nd143 2.6419E-09 2.8937E-09 4.0600E-09 5.1757E-09
Nd144 5.2538E-09 5.7523E-09 8.1343E-09 1.0431E-08
Hg202 5.2160E-09 5.7104E-09 8.1033E-09 1.0417E-08
Hg203 2.8966E-29 2.6169E-33 9.2428E-34 1.0474E-33
Hg204 1.2115E-09 1.3267E-09 1.8695E-09 2.3913E-09
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 2.7825E-09 3.0468E-09 4.3027E-09 5.5115E-09
Tl204 1.9720E-27 9.9743E-32 3.5080E-32 3.9861E-32
Tl205 6.7076E-09 7.3446E-09 1.0369E-08 1.3278E-08
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 1.3401E-09 1.4666E-09 2.1000E-09 2.7170E-09
Pb205 1.6039E-19 3.7740E-20 1.2158E-18 1.4537E-18
Pb206 1.2583E-08 1.3777E-08 1.9495E-08 2.5009E-08
Pb207 1.3992E-08 1.5319E-08 2.1656E-08 2.7762E-08
Pb208 4.0241E-08 4.4062E-08 6.2287E-08 7.9850E-08
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 5.4568E-09 5.9749E-09 8.4428E-09 1.0820E-08
v=300 km/s - [Fe/H]=0
H 4.0545E+00 4.5888E+00 5.8135E+00 6.4478E+00
H2 1.8287E-16 1.9116E-14 2.3183E-11 5.4772E-10
H3 4.1458E-25 1.4767E-21 2.1076E-16 4.4137E-14
He3 1.4192E-04 1.5484E-04 1.6722E-04 1.9261E-04
He4 3.4564E+00 4.0020E+00 5.6818E+00 8.4944E+00
Li6 1.2639E-12 2.4433E-12 6.7020E-12 1.4866E-11
Li7 2.5282E-11 5.2942E-11 1.5151E-10 3.6257E-10
Be7 2.4950E-12 4.6335E-12 1.7328E-11 1.5975E-11
Be9 7.4941E-13 1.5203E-12 4.2991E-12 9.3818E-12
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 4.9600E-12 1.0004E-11 2.8537E-11 6.1047E-11
B11 7.2389E-10 8.6012E-10 1.0219E-09 1.6327E-09
C12 1.6565E-02 2.4487E-02 7.0451E-02 3.0215E-01
C13 1.2924E-03 1.6618E-03 3.4167E-03 3.5081E-03
C14 6.3979E-13 3.7134E-11 5.9439E-11 2.5194E-12
N13 2.3176E-14 7.4584E-14 2.3010E-13 4.6132E-14
N14 4.6880E-02 6.5495E-02 1.2375E-01 1.0414E-01
N15 2.1271E-06 2.6826E-06 3.9309E-06 3.9485E-06
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 8.1276E-16 3.2183E-15 1.0098E-14 1.0877E-15
O16 3.2770E-02 4.4494E-02 6.4536E-02 8.2678E-02
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
O17 3.2991E-05 3.8129E-05 4.3254E-05 2.6364E-05
O18 3.5337E-05 3.9641E-05 4.7864E-05 5.7592E-05
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 2.1385E-18 1.1444E-17 3.2627E-17 1.0066E-18
F18 3.5775E-19 2.1940E-18 6.9359E-18 1.6355E-19
F19 2.0126E-06 2.1976E-06 2.7652E-06 4.4922E-06
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 8.7896E-03 1.0079E-02 1.3525E-02 1.7592E-02
Ne21 6.7718E-05 7.2309E-05 9.8809E-05 1.0381E-04
Ne22 8.7575E-04 1.3773E-03 4.0026E-03 1.0862E-02
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 8.1505E-19 3.7956E-18 7.6917E-18 1.8343E-18
Na23 7.8425E-04 1.0806E-03 1.5867E-03 2.0116E-03
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 4.2479E-03 4.8727E-03 6.5657E-03 8.6228E-03
Mg25 3.6077E-04 4.0565E-04 4.6711E-04 4.7029E-04
Mg26 8.1115E-04 9.4299E-04 1.3466E-03 1.8268E-03
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 5.4088E-06 5.4109E-06 4.6238E-06 1.3068E-05
Alg6 5.4088E-06 5.4109E-06 4.6238E-06 1.3068E-05
Alm6 8.7468E-24 4.2914E-23 5.8262E-23 1.3663E-23
Al27 4.6239E-04 5.3192E-04 7.3054E-04 1.0460E-03
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 4.7029E-03 5.3947E-03 7.2693E-03 9.5469E-03
Si29 2.4734E-04 2.8382E-04 3.8285E-04 5.0258E-04
Si30 1.6869E-04 1.9361E-04 2.6127E-04 3.4304E-04
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 4.4887E-05 5.1574E-05 6.9664E-05 9.1495E-05
P32 6.4210E-33 1.2324E-24 2.3235E-32 1.5417E-32
P33 0.0000E+00 7.0464E-39 0.0000E+00 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 2.2534E-03 2.5844E-03 3.4809E-03 4.5713E-03
S33 1.8779E-05 2.2029E-05 3.1216E-05 4.0937E-05
S34 1.0821E-04 1.2419E-04 1.6751E-04 2.1980E-04
S35 4.2837E-32 7.5591E-24 1.4990E-31 1.0312E-31
S36 5.3414E-07 6.1269E-07 8.2559E-07 1.0842E-06
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 4.7180E-05 5.4074E-05 7.2738E-05 9.5503E-05
Cl36 5.0105E-09 2.1553E-08 8.3116E-08 1.3234E-07
Cl37 1.6112E-05 1.8850E-05 2.6405E-05 3.4786E-05
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 4.3035E-04 4.9331E-04 6.6381E-04 8.7164E-04
Ar37 2.6759E-26 5.6891E-19 4.6525E-25 9.9404E-24
Ar38 8.2614E-05 9.4755E-05 1.2765E-04 1.6758E-04
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ar39 7.5344E-26 3.5030E-19 2.4212E-24 6.9560E-24
Ar40 1.3909E-07 1.5953E-07 2.1493E-07 2.8229E-07
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 2.1904E-05 2.5128E-05 3.3864E-05 4.4475E-05
K40 4.4005E-08 6.7918E-08 1.4331E-07 2.0973E-07
K41 1.6676E-06 1.9218E-06 2.6011E-06 3.3917E-06
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 4.7730E-04 5.4722E-04 7.3663E-04 9.6730E-04
Ca41 9.7452E-08 2.9699E-07 9.6547E-07 1.5722E-06
Ca42 3.3605E-06 3.9371E-06 5.4960E-06 6.9915E-06
Ca43 7.1530E-07 8.2869E-07 1.1369E-06 1.4610E-06
Ca44 1.1299E-05 1.2962E-05 1.7464E-05 2.2913E-05
Ca45 2.1985E-31 3.8117E-23 7.5537E-31 5.2891E-31
Ca46 2.2650E-08 2.5969E-08 3.4963E-08 4.5913E-08
Ca47 8.3126E-36 1.3594E-27 2.8379E-35 2.0028E-35
Ca48 1.1051E-06 1.2675E-06 1.7078E-06 2.2427E-06
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 3.5941E-07 4.1528E-07 5.7042E-07 7.5723E-07
Sc46 8.2446E-32 2.1473E-23 3.7931E-31 2.0014E-31
Sc47 6.3348E-36 1.0361E-27 2.1627E-35 1.5264E-35
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 1.9037E-06 2.1858E-06 2.9495E-06 3.8656E-06
Ti47 1.7507E-06 2.0040E-06 2.6886E-06 3.5171E-06
Ti48 1.7731E-05 2.0304E-05 2.7249E-05 3.5748E-05
Ti49 1.3484E-06 1.5793E-06 2.2311E-06 3.0084E-06
Ti50 1.3020E-06 1.5069E-06 2.0646E-06 2.6804E-06
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 5.9750E-09 6.8346E-09 9.1559E-09 1.1983E-08
V51 2.4411E-06 2.8016E-06 3.7854E-06 5.0117E-06
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 5.3253E-06 6.0908E-06 8.1577E-06 1.0673E-05
Cr51 6.3274E-27 7.9863E-20 1.8829E-25 7.2597E-24
Cr52 1.0701E-04 1.2271E-04 1.6521E-04 2.1698E-04
Cr53 1.2352E-05 1.4148E-05 1.9027E-05 2.4930E-05
Cr54 3.1785E-06 3.7224E-06 5.2191E-06 6.9233E-06
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 8.3806E-05 9.6649E-05 1.3208E-04 1.7657E-04
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 5.6088E-04 6.4193E-04 8.6104E-04 1.1286E-03
Fe55 2.1028E-16 2.5789E-14 2.8516E-14 9.8934E-14
Fe56 9.1420E-03 1.0482E-02 1.4108E-02 1.8526E-02
Fe57 2.1660E-04 2.5159E-04 3.4939E-04 4.6478E-04
Fe58 2.9829E-05 3.7040E-05 5.7153E-05 6.9676E-05
Fe59 5.8278E-31 6.4255E-22 5.5259E-30 1.3511E-30
Fe60 9.0174E-15 2.9825E-13 1.2724E-12 5.0822E-13
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 3.2468E-05 3.7497E-05 5.1068E-05 6.5898E-05
Co60 1.6669E-20 5.6308E-19 2.3319E-18 9.3692E-19
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 3.6839E-04 4.2176E-04 5.6587E-04 7.4226E-04
Ni59 2.3708E-07 5.4534E-07 1.8743E-06 4.4401E-06
Ni60 1.4694E-04 1.6879E-04 2.2794E-04 2.9811E-04
Ni61 6.6139E-06 7.7989E-06 1.1153E-05 1.5026E-05
Ni62 2.1079E-05 2.4369E-05 3.3344E-05 4.3262E-05
Ni63 5.5430E-27 7.9151E-19 1.9670E-25 2.9169E-25
Ni64 5.5358E-06 6.3676E-06 8.6157E-06 1.1266E-05
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 3.8261E-06 4.4741E-06 6.2094E-06 8.0374E-06
Cu64 9.1114E-33 3.9578E-24 4.4466E-32 2.1547E-32
Cu65 1.7592E-06 2.0483E-06 2.8428E-06 3.7357E-06
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 6.3560E-06 7.3019E-06 9.8480E-06 1.2839E-05
Zn65 3.1478E-28 4.4942E-20 1.6500E-27 1.4321E-27
Zn66 3.7611E-06 4.3173E-06 5.8197E-06 7.6111E-06
Zn67 5.6212E-07 6.4625E-07 8.7549E-07 1.1537E-06
Zn68 2.6070E-06 2.9959E-06 4.0522E-06 5.3171E-06
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Zn70 8.8607E-08 1.0149E-07 1.3636E-07 1.7897E-07
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 2.5696E-07 2.9639E-07 4.0298E-07 5.3149E-07
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 1.7510E-07 2.0183E-07 2.7464E-07 3.6014E-07
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 3.6729E-07 4.2297E-07 5.7391E-07 7.5208E-07
Ge71 9.8484E-33 2.1945E-24 3.7879E-32 2.3637E-32
Ge72 4.9821E-07 5.7183E-07 7.7078E-07 1.0079E-06
Ge73 1.4177E-07 1.6265E-07 2.1918E-07 2.8700E-07
Ge74 6.7528E-07 7.7541E-07 1.0470E-06 1.3757E-06
Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 1.4527E-07 1.6639E-07 2.2353E-07 2.9337E-07
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 8.4150E-08 9.6518E-08 1.2999E-07 1.7011E-07
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 8.0687E-09 9.2167E-09 1.2290E-08 1.5862E-08
Se75 7.2914E-33 8.2244E-25 1.9225E-32 1.7550E-32
Se76 8.8102E-08 1.0156E-07 1.3827E-07 1.8375E-07
Se77 7.2273E-08 8.2932E-08 1.1176E-07 1.4598E-07
Se78 2.2867E-07 2.6316E-07 3.5699E-07 4.6924E-07
Se79 1.9968E-14 1.5168E-13 4.3687E-13 2.3892E-13
Se80 4.8791E-07 5.5836E-07 7.4861E-07 9.8111E-07
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 8.8102E-08 1.0098E-07 1.3587E-07 1.7840E-07
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 7.7798E-08 8.9044E-08 1.1922E-07 1.5379E-07
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 7.8058E-08 8.9465E-08 1.2045E-07 1.5928E-07
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 2.8133E-09 3.2140E-09 4.2848E-09 5.5340E-09
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 1.8948E-08 2.2010E-08 3.0684E-08 4.2531E-08
Kr81 8.4961E-11 2.3263E-10 6.8633E-10 1.5970E-09
Kr82 9.6412E-08 1.1185E-07 1.5411E-07 2.0506E-07
Kr83 9.5632E-08 1.0964E-07 1.4769E-07 1.9162E-07
Kr84 4.7811E-07 5.4837E-07 7.3886E-07 9.6842E-07
Kr85 3.6171E-30 6.3327E-22 1.2353E-29 8.6675E-30
Kr86 1.4809E-07 1.6983E-07 2.2876E-07 3.0041E-07
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 1.1218E-07 1.2862E-07 1.7294E-07 2.2644E-07
Rb86 1.7445E-32 2.9040E-24 5.7720E-32 4.1792E-32
Rb87 4.7239E-08 5.4162E-08 7.2920E-08 9.5748E-08
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 1.9454E-09 2.2223E-09 2.9629E-09 3.8203E-09
Sr85 9.9302E-34 1.1133E-25 2.6007E-33 2.3892E-33
Sr86 3.6193E-08 4.2596E-08 6.0633E-08 8.3176E-08
Sr87 2.5213E-08 2.9411E-08 4.0891E-08 5.3160E-08
Sr88 3.0367E-07 3.4910E-07 4.7205E-07 6.1775E-07
Sr89 1.9498E-33 3.9454E-25 7.0383E-33 4.6894E-33
Sr90 0.0000E+00 1.4482E-36 0.0000E+00 0.0000E+00
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 8.1238E-08 9.3246E-08 1.2584E-07 1.6510E-07
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 9.9080E-08 1.1366E-07 1.5316E-07 2.0110E-07
Zr91 2.1849E-08 2.5071E-08 3.3825E-08 4.4435E-08
Zr92 3.3774E-08 3.8777E-08 5.2357E-08 6.8764E-08
Zr93 2.8155E-11 7.7706E-11 2.3971E-10 4.5079E-10
Zr94 3.4933E-08 4.0063E-08 5.3943E-08 7.0638E-08
Zr95 1.9141E-33 3.2162E-25 6.4701E-33 4.6118E-33
Zr96 0.0000E+00 1.0643E-36 0.0000E+00 0.0000E+00
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 1.5027E-08 1.7174E-08 2.2922E-08 2.9619E-08
Nb94 8.3134E-21 1.4620E-20 1.1470E-20 5.9558E-20
Nb95 1.0450E-33 1.7568E-25 3.5321E-33 2.5173E-33
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 5.6898E-09 6.5055E-09 8.7046E-09 1.1370E-08
Mo93 4.9439E-19 2.6206E-17 2.6732E-17 9.1844E-17
Mo94 3.7230E-09 4.2810E-09 5.8374E-09 8.1624E-09
Mo95 6.4238E-09 7.3637E-09 9.9112E-09 1.3041E-08
Mo96 1.2592E-08 1.4448E-08 1.9500E-08 2.5687E-08
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Mo97 3.9811E-09 4.5722E-09 6.1750E-09 8.1378E-09
Mo98 1.0222E-08 1.1756E-08 1.5928E-08 2.0978E-08
Xe132 3.4210E-08 3.9233E-08 5.2813E-08 6.9180E-08
Xe133 3.4389E-34 5.4562E-26 1.1628E-33 8.2807E-34
Xe134 1.2821E-08 1.4685E-08 1.9733E-08 2.5901E-08
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 8.9677E-09 1.0263E-08 1.3747E-08 1.7828E-08
Cs134 1.0411E-31 1.1751E-23 3.0984E-31 2.5018E-31
Cs135 2.1258E-12 4.9847E-12 1.3629E-11 2.5892E-11
Cs136 2.2932E-36 2.6977E-27 3.8687E-35 5.5030E-36
Cs137 0.0000E+00 1.0414E-37 0.0000E+00 0.0000E+00
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 2.8177E-09 3.2819E-09 4.5851E-09 6.4346E-09
Ba135 7.5549E-09 8.6502E-09 1.1607E-08 1.5067E-08
Ba136 9.1535E-09 1.0587E-08 1.4523E-08 1.9269E-08
Ba137 1.3106E-08 1.5055E-08 2.0331E-08 2.6571E-08
Ba138 8.4303E-08 9.6781E-08 1.3062E-07 1.7145E-07
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 8.8974E-12 1.0205E-11 1.3753E-11 1.8060E-11
La139 9.8399E-09 1.1291E-08 1.5226E-08 1.9988E-08
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 2.6497E-08 3.0400E-08 4.0976E-08 5.3809E-08
Ce141 2.2813E-34 3.9300E-26 7.9424E-34 5.4934E-34
Pr141 4.1571E-09 4.7605E-09 6.3926E-09 8.3594E-09
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 5.6937E-09 6.5423E-09 8.8504E-09 1.1669E-08
Nd143 2.5360E-09 2.9016E-09 3.8856E-09 5.0413E-09
Nd144 5.0592E-09 5.7995E-09 7.8063E-09 1.0281E-08
Hg202 5.0307E-09 5.7823E-09 7.8281E-09 1.0333E-08
Hg203 4.4283E-34 1.5941E-26 1.6834E-33 1.0645E-33
Hg204 1.1649E-09 1.3332E-09 1.7880E-09 2.3439E-09
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 2.6781E-09 3.0730E-09 4.1439E-09 5.4262E-09
Tl204 1.6666E-32 2.9263E-24 5.7977E-32 3.9981E-32
Tl205 6.4558E-09 7.4055E-09 9.9707E-09 1.3058E-08
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 1.2973E-09 1.5012E-09 2.0624E-09 2.7371E-09
Pb205 5.4179E-19 5.7520E-19 9.7210E-19 3.0638E-18
Pb206 1.2121E-08 1.3920E-08 1.8799E-08 2.4695E-08
Pb207 1.3472E-08 1.5458E-08 2.0842E-08 2.7364E-08
Pb208 3.8747E-08 4.4458E-08 5.9940E-08 7.8709E-08
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 5.2532E-09 6.0246E-09 8.1157E-09 1.0657E-08
v=0 km/s - [Fe/H]=-1
H 3.7655E-01 5.9860E-01 1.1981E+00 3.1919E+00
H2 9.6546E-07 1.9390E-06 5.9478E-06 7.4353E-06
H3 7.9256E-34 7.2432E-29 1.2449E-17 1.0949E-15
He3 2.2215E-05 3.3624E-05 6.4274E-05 1.7630E-04
He4 1.2796E-01 2.0465E-01 4.1719E-01 1.1494E+00
Li6 4.3758E-12 8.7889E-12 2.6993E-11 3.3774E-11
Li7 6.2159E-11 1.2484E-10 3.8659E-10 4.8423E-10
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Be7 1.3090E-26 4.7537E-25 1.2618E-19 8.1239E-19
Be9 5.9286E-13 1.1136E-12 4.0035E-12 6.1795E-12
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 3.6001E-12 6.4298E-12 1.9813E-11 4.7034E-11
B11 5.4149E-11 8.7897E-11 1.9848E-10 5.0453E-10
C12 1.4370E-04 2.3012E-04 4.8030E-04 1.2740E-03
C13 7.3881E-06 1.1862E-05 2.3589E-05 6.5855E-05
C14 6.0218E-29 2.3894E-28 1.5961E-27 6.3960E-27
N13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
N14 1.6352E-04 2.7531E-04 5.9716E-04 1.9442E-03
N15 4.2916E-08 6.8823E-08 1.4681E-07 3.8650E-07
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 3.7225E-43 1.9005E-42 7.5707E-36 5.9731E-35
O16 9.8496E-04 1.5494E-03 3.0434E-03 7.8125E-03
O17 1.0302E-06 1.4383E-06 2.1095E-06 4.4625E-06
O18 1.6631E-06 2.6540E-06 5.4698E-06 1.4504E-05
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F19 2.4629E-08 3.8649E-08 7.6023E-08 1.9434E-07
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 5.8911E-05 9.3756E-05 1.8832E-04 5.0496E-04
Ne21 1.8743E-07 3.1998E-07 6.7379E-07 1.7520E-06
Ne22 4.4070E-06 6.9553E-06 1.3807E-05 3.5569E-05
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na23 1.8691E-06 3.0542E-06 6.5485E-06 2.0591E-05
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 5.0004E-05 7.9613E-05 1.6010E-04 4.3028E-04
Mg25 6.3531E-06 9.9978E-06 1.9587E-05 5.0322E-05
Mg26 7.7919E-06 1.2516E-05 2.5612E-05 7.0664E-05
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 4.4171E-13 3.3823E-12 2.4579E-10 5.5797E-09
Alg6 4.4171E-13 3.3823E-12 2.4579E-10 5.5797E-09
Alm6 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al27 2.8451E-06 4.5416E-06 9.2306E-06 2.5404E-05
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 8.0031E-05 1.2742E-04 2.5623E-04 6.8865E-04
Si29 4.2089E-06 6.7010E-06 1.3475E-05 3.6216E-05
Si30 2.8702E-06 4.5697E-06 9.1892E-06 2.4697E-05
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 2.9689E-07 4.7268E-07 9.5051E-07 2.5547E-06
P32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 3.3403E-05 5.3181E-05 1.0694E-04 2.8742E-04
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
S33 2.7577E-07 4.3907E-07 8.8293E-07 2.3730E-06
S34 1.6039E-06 2.5535E-06 5.1348E-06 1.3801E-05
S35 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S36 7.9170E-09 1.2605E-08 2.5348E-08 6.8124E-08
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 3.1250E-07 4.9754E-07 1.0005E-06 2.6889E-06
Cl36 9.8856E-27 1.5255E-26 3.4638E-26 8.7991E-26
Cl37 1.0558E-07 1.6811E-07 3.3805E-07 9.0853E-07
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 6.3805E-06 1.0159E-05 2.0428E-05 5.4904E-05
Ar37 7.2285E-29 2.4520E-28 1.2613E-27 6.3124E-27
Ar38 1.2246E-06 1.9497E-06 3.9207E-06 1.0537E-05
Ar39 0.0000E+00 0.0000E+00 0.0000E+00 1.1602E-44
Ar40 2.0617E-09 3.2825E-09 6.6007E-09 1.7740E-08
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 1.4501E-07 2.3086E-07 4.6426E-07 1.2478E-06
K40 2.3288E-10 3.7135E-10 7.4845E-10 2.0128E-09
K41 1.1001E-08 1.7516E-08 3.5221E-08 9.4664E-08
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 7.0760E-06 1.1266E-05 2.2655E-05 6.0889E-05
Ca41 8.6703E-23 1.0920E-22 1.4640E-22 3.8256E-22
Ca42 4.9589E-08 7.8950E-08 1.5876E-07 4.2670E-07
Ca43 1.0593E-08 1.6865E-08 3.3915E-08 9.1153E-08
Ca44 1.6749E-07 2.6666E-07 5.3624E-07 1.4412E-06
Ca45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca46 3.3577E-10 5.3459E-10 1.0750E-09 2.8892E-09
Ca47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca48 1.6380E-08 2.6079E-08 5.2442E-08 1.4094E-07
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 2.3683E-09 3.7706E-09 7.5824E-09 2.0379E-08
Sc46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 2.5144E-08 4.0032E-08 8.0501E-08 2.1636E-07
Ti47 2.3168E-08 3.6887E-08 7.4175E-08 1.9936E-07
Ti48 2.3445E-07 3.7328E-07 7.5062E-07 2.0174E-06
Ti49 1.7564E-08 2.7964E-08 5.6232E-08 1.5113E-07
Ti50 1.7160E-08 2.7321E-08 5.4940E-08 1.4766E-07
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 3.9640E-11 6.3112E-11 1.2691E-10 3.4109E-10
V51 1.6133E-08 2.5686E-08 5.1651E-08 1.3882E-07
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 3.5333E-08 5.6255E-08 1.1312E-07 3.0403E-07
Cr51 8.8618E-30 2.7671E-29 1.3133E-28 6.1835E-28
Cr52 7.0862E-07 1.1282E-06 2.2688E-06 6.0976E-06
Cr53 8.1895E-08 1.3039E-07 2.6220E-07 7.0472E-07
Cr54 2.0771E-08 3.3069E-08 6.6499E-08 1.7873E-07
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 5.5158E-07 8.7816E-07 1.7659E-06 4.7460E-06
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 3.7188E-06 5.9208E-06 1.1906E-05 3.1999E-05
Fe55 2.4367E-25 4.1374E-25 8.1287E-25 2.2501E-24
Fe56 6.0538E-05 9.6384E-05 1.9383E-04 5.2091E-04
Fe57 1.4231E-06 2.2657E-06 4.5562E-06 1.2245E-05
Fe58 1.9271E-07 3.0682E-07 6.1699E-07 1.6582E-06
Fe59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 2.1482E-07 3.4202E-07 6.8777E-07 1.8485E-06
Co60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 2.4415E-06 3.8871E-06 7.8166E-06 2.1008E-05
Ni59 9.7853E-23 1.2205E-22 1.6185E-22 4.2109E-22
Ni60 9.7291E-07 1.5490E-06 3.1148E-06 8.3714E-06
Ni61 4.2995E-08 6.8453E-08 1.3765E-07 3.6997E-07
Ni62 1.3934E-07 2.2184E-07 4.4609E-07 1.1990E-06
Ni63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni64 3.6629E-08 5.8319E-08 1.1727E-07 3.1519E-07
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Cu63 2.5147E-08 4.0036E-08 8.0510E-08 2.1638E-07
Cu64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu65 1.1564E-08 1.8411E-08 3.7024E-08 9.9508E-08
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 4.2103E-08 6.7032E-08 1.3480E-07 3.6228E-07
Zn65 0.0000E+00 2.7391E-47 3.5951E-40 6.9662E-38
Zn66 2.4910E-08 3.9660E-08 7.9751E-08 2.1434E-07
Zn67 3.7161E-09 5.9164E-09 1.1897E-08 3.1976E-08
Zn68 1.7248E-08 2.7460E-08 5.5220E-08 1.4841E-07
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 5.8709E-10 9.3474E-10 1.8796E-09 5.0518E-09
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 1.6943E-09 2.6976E-09 5.4246E-09 1.4580E-08
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 1.1571E-09 1.8422E-09 3.7046E-09 9.9564E-09
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 2.4278E-09 3.8654E-09 7.7730E-09 2.0891E-08
Ge71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge72 3.3001E-09 5.2541E-09 1.0565E-08 2.8396E-08
Ge73 9.3912E-10 1.4952E-09 3.0067E-09 8.0808E-09
Ge74 4.4681E-09 7.1138E-09 1.4305E-08 3.8447E-08
Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 9.6257E-10 1.5325E-09 3.0818E-09 8.2825E-09
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 5.5755E-10 8.8767E-10 1.7851E-09 4.7974E-09
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 5.3683E-11 8.5471E-11 1.7187E-10 4.6193E-10
Se75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se76 5.8045E-10 9.2418E-10 1.8584E-09 4.9948E-09
Se77 4.7889E-10 7.6246E-10 1.5332E-09 4.1208E-09
Se78 1.5113E-09 2.4062E-09 4.8385E-09 1.3004E-08
Se79 2.0838E-29 3.2958E-29 8.1281E-29 1.9600E-28
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Se80 3.2351E-09 5.1506E-09 1.0357E-08 2.7837E-08
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 5.8354E-10 9.2902E-10 1.8681E-09 5.0209E-09
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 5.1733E-10 8.2368E-10 1.6563E-09 4.4516E-09
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 5.1601E-10 8.2150E-10 1.6521E-09 4.4398E-09
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 1.8708E-11 2.9785E-11 5.9896E-11 1.6098E-10
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 1.2329E-10 1.9629E-10 3.9473E-10 1.0609E-09
Kr81 9.4621E-29 1.4526E-28 3.3513E-28 8.3783E-28
Kr82 6.3324E-10 1.0082E-09 2.0273E-09 5.4486E-09
Kr83 6.3496E-10 1.0109E-09 2.0328E-09 5.4634E-09
Kr84 3.1669E-09 5.0422E-09 1.0139E-08 2.7251E-08
Kr85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr86 9.8050E-10 1.5611E-09 3.1391E-09 8.4371E-09
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 7.4291E-10 1.1828E-09 2.3785E-09 6.3925E-09
Rb86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb87 3.1288E-10 4.9816E-10 1.0018E-09 2.6926E-09
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 1.2946E-11 2.0611E-11 4.1448E-11 1.1140E-10
Sr85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr86 2.3439E-10 3.7318E-10 7.5043E-10 2.0169E-09
Sr87 1.6578E-10 2.6392E-10 5.3065E-10 1.4262E-09
Sr88 2.0095E-09 3.1995E-09 6.4337E-09 1.7292E-08
Sr89 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 5.3780E-10 8.5624E-10 1.7218E-09 4.6276E-09
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 6.5593E-10 1.0443E-09 2.1001E-09 5.6442E-09
Zr91 1.4463E-10 2.3027E-10 4.6304E-10 1.2445E-09
Zr92 2.2350E-10 3.5583E-10 7.1556E-10 1.9232E-09
Zr93 8.9064E-28 1.4892E-27 3.3555E-27 1.1569E-26
Zr94 2.3142E-10 3.6845E-10 7.4091E-10 1.9913E-09
Zr95 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Zr96 2.4417E-12 4.9040E-12 1.5043E-11 1.8805E-11
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 9.9935E-11 1.5910E-10 3.1994E-10 8.5992E-10
Nb94 4.6040E-31 8.8896E-31 2.6863E-30 7.0320E-30
Nb95 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 3.7769E-11 6.0132E-11 1.2092E-10 3.2499E-10
Mo93 1.5550E-35 7.3682E-35 6.3105E-34 2.7489E-33
Mo94 2.4312E-11 3.8707E-11 7.7837E-11 2.0920E-10
Mo95 4.2526E-11 6.7705E-11 1.3615E-10 3.6592E-10
Mo96 8.0872E-11 1.2774E-10 2.5169E-10 6.9806E-10
Mo97 2.6316E-11 4.1898E-11 8.4254E-11 2.2644E-10
Mo98 6.7559E-11 1.0756E-10 2.1629E-10 5.8132E-10
Xe132 2.2661E-10 3.6078E-10 7.2551E-10 1.9499E-09
Xe133 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Xe134 8.4940E-11 1.3524E-10 2.7194E-10 7.3090E-10
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 5.9575E-11 9.4852E-11 1.9073E-10 5.1263E-10
Cs134 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs135 4.7496E-28 7.7152E-28 1.5698E-27 5.0819E-27
Cs136 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs137 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 1.8265E-11 2.9079E-11 5.8475E-11 1.5716E-10
Ba135 5.0185E-11 7.9901E-11 1.6067E-10 4.3183E-10
Ba136 6.0234E-11 9.5900E-11 1.9286E-10 5.1834E-10
Ba137 8.6779E-11 1.3816E-10 2.7782E-10 7.4671E-10
Ba138 5.5796E-10 8.8832E-10 1.7864E-09 4.8014E-09
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 5.8906E-14 9.3780E-14 1.8860E-13 5.0684E-13
La139 6.5137E-11 1.0371E-10 2.0855E-10 5.6050E-10
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 1.7541E-10 2.7927E-10 5.6159E-10 1.5094E-09
Ce141 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pr141 2.7571E-11 4.3895E-11 8.8270E-11 2.3724E-10
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 3.7635E-11 5.9918E-11 1.2049E-10 3.2383E-10
Nd143 1.6849E-11 2.6826E-11 5.3943E-11 1.4498E-10
Nd144 3.3487E-11 5.3314E-11 1.0721E-10 2.8814E-10
Hg202 3.3240E-11 5.2923E-11 1.0642E-10 2.8603E-10
Hg203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Hg204 7.7235E-12 1.2296E-11 2.4727E-11 6.6460E-11
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 1.7738E-11 2.8240E-11 5.6789E-11 1.5263E-10
Tl204 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl205 4.2758E-11 6.8076E-11 1.3690E-10 3.6792E-10
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 8.5355E-12 1.3590E-11 2.7328E-11 7.3447E-11
Pb205 1.5781E-27 2.1442E-27 3.2195E-27 8.8792E-27
Pb206 8.0203E-11 1.2769E-10 2.5678E-10 6.9013E-10
Pb207 8.9185E-11 1.4199E-10 2.8553E-10 7.6740E-10
Table 31 continued
192 Limongi,Chieffi
Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Pb208 2.5650E-10 4.0838E-10 8.2122E-10 2.2072E-09
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 3.4783E-11 5.5379E-11 1.1136E-10 2.9930E-10
v=150 km/s - [Fe/H]=-1
H 1.0924E+00 1.4864E+00 3.9083E+00 5.2815E+00
H2 3.4173E-17 9.7931E-17 1.8209E-13 3.7152E-12
H3 2.4740E-28 1.8589E-23 1.2607E-17 1.1088E-15
He3 5.2729E-05 7.0715E-05 1.7246E-04 2.1145E-04
He4 5.1400E-01 7.1652E-01 2.1961E+00 3.4496E+00
Li6 2.4933E-13 4.4978E-13 1.1687E-12 2.2029E-12
Li7 2.0864E-11 3.0841E-11 2.6228E-11 6.5403E-11
Be7 7.8006E-16 1.5827E-15 2.2885E-16 1.9360E-15
Be9 6.8641E-14 1.2064E-13 3.2884E-13 6.3760E-13
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 4.7467E-13 8.1837E-13 2.1929E-12 4.2306E-12
B11 6.0827E-11 8.4441E-11 1.9229E-10 2.4447E-10
C12 3.4657E-04 4.9306E-04 1.3054E-03 1.6135E-03
C13 2.9631E-05 4.2595E-05 1.1803E-04 1.3763E-04
C14 1.5768E-12 2.0684E-10 1.7921E-10 5.7339E-13
N13 2.1279E-34 4.1543E-33 2.7669E-34 0.0000E+00
N14 2.1861E-03 2.9634E-03 8.7029E-03 1.3468E-02
N15 1.1201E-07 1.5338E-07 4.0447E-07 5.5802E-07
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 5.0828E-37 1.3426E-35 9.1582E-37 1.1916E-38
O16 2.5648E-03 3.5217E-03 8.9768E-03 1.1009E-02
O17 2.1276E-06 2.7240E-06 6.4196E-06 7.5568E-06
O18 4.0122E-06 5.5722E-06 1.4392E-05 1.7388E-05
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F19 5.7821E-08 7.8217E-08 1.9675E-07 2.3158E-07
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 1.8490E-04 2.5293E-04 6.9270E-04 9.7766E-04
Ne21 1.3079E-06 1.5613E-06 3.2257E-06 3.7836E-06
Ne22 1.3418E-05 1.8822E-05 4.8911E-05 6.0490E-05
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 2.8144E-26 2.1278E-22 1.2553E-23 1.3391E-26
Na23 1.4707E-05 2.0549E-05 7.0269E-05 1.2304E-04
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.5934E-04 2.1850E-04 6.0556E-04 8.6618E-04
Mg25 1.6106E-05 2.1664E-05 5.4306E-05 6.7493E-05
Mg26 2.7765E-05 3.8119E-05 1.0554E-04 1.5060E-04
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 3.4394E-08 3.4041E-08 1.1945E-07 3.9063E-07
Alg6 3.4394E-08 3.4041E-08 1.1945E-07 3.9063E-07
Alm6 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al27 1.0435E-05 1.4743E-05 4.7080E-05 7.8184E-05
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Table 31 continued
The evolution of rotating massive stars at various metallicities 193
Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 2.5498E-04 3.4967E-04 9.6895E-04 1.3857E-03
Si29 1.3409E-05 1.8388E-05 5.0953E-05 7.2865E-05
Si30 9.1452E-06 1.2541E-05 3.4755E-05 4.9708E-05
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 9.4669E-07 1.2983E-06 3.5976E-06 5.1453E-06
P32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 1.0642E-04 1.4593E-04 4.0436E-04 5.7827E-04
S33 8.8071E-07 1.2086E-06 3.3530E-06 4.7972E-06
S34 5.1100E-06 7.0076E-06 1.9418E-05 2.7771E-05
S35 0.0000E+00 5.2144E-45 2.9656E-46 0.0000E+00
S36 2.5224E-08 3.4589E-08 9.5841E-08 1.3707E-07
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 9.9551E-07 1.3651E-06 3.7826E-06 5.4095E-06
Cl36 2.8985E-11 5.5676E-11 1.9175E-10 2.8406E-10
Cl37 3.3845E-07 4.6452E-07 1.2885E-06 1.8433E-06
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 2.0327E-05 2.7874E-05 7.7236E-05 1.1046E-04
Ar37 7.0855E-18 3.6857E-17 3.3666E-16 3.1211E-19
Ar38 3.9014E-06 5.3501E-06 1.4825E-05 2.1201E-05
Ar39 1.4010E-18 1.1084E-16 1.1411E-16 5.7149E-22
Ar40 6.5684E-09 9.0073E-09 2.4958E-08 3.5694E-08
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 4.6209E-07 6.3368E-07 1.7559E-06 2.5111E-06
K40 7.9212E-10 1.0982E-09 3.0881E-09 4.4379E-09
K41 3.5124E-08 4.8150E-08 1.3337E-07 1.9072E-07
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 2.2543E-05 3.0914E-05 8.5656E-05 1.2250E-04
Ca41 1.1208E-09 1.7053E-09 5.1077E-09 7.2188E-09
Ca42 1.5827E-07 2.1721E-07 6.0261E-07 8.6242E-07
Ca43 3.3768E-08 4.6331E-08 1.2852E-07 1.8394E-07
Ca44 5.3363E-07 7.3177E-07 2.0279E-06 2.9001E-06
Ca45 5.1821E-46 1.1327E-40 1.2970E-42 0.0000E+00
Ca46 1.0697E-09 1.4669E-09 4.0645E-09 5.8127E-09
Ca47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca48 5.2186E-08 7.1562E-08 1.9829E-07 2.8358E-07
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 7.5682E-09 1.0382E-08 2.8791E-08 4.1179E-08
Sc46 0.0000E+00 1.8882E-45 1.2471E-46 0.0000E+00
Sc47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 8.0114E-08 1.0987E-07 3.0447E-07 4.3543E-07
Ti47 7.3784E-08 1.0118E-07 2.8038E-07 4.0099E-07
Ti48 7.4679E-07 1.0240E-06 2.8374E-06 4.0578E-06
Ti49 5.6143E-08 7.7012E-08 2.1342E-07 3.0515E-07
Ti50 5.4718E-08 7.5058E-08 2.0810E-07 2.9768E-07
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 1.2623E-10 1.7310E-10 4.7965E-10 6.8597E-10
V51 5.1415E-08 7.0503E-08 1.9534E-07 2.7934E-07
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 1.1251E-07 1.5429E-07 4.2753E-07 6.1143E-07
Cr51 1.0232E-18 5.0922E-18 3.8455E-17 3.6817E-20
Cr52 2.2575E-06 3.0958E-06 8.5779E-06 1.2268E-05
Cr53 2.6083E-07 3.5770E-07 9.9119E-07 1.4176E-06
Cr54 6.6397E-08 9.1074E-08 2.5242E-07 3.6098E-07
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.7595E-06 2.4126E-06 6.6837E-06 9.5567E-06
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 1.1844E-05 1.6241E-05 4.5002E-05 6.4360E-05
Fe55 2.2058E-12 1.8476E-11 1.0315E-11 5.9610E-14
Fe56 1.9287E-04 2.6449E-04 7.3284E-04 1.0480E-03
Fe57 4.5420E-06 6.2298E-06 1.7267E-05 2.4694E-05
Fe58 6.1899E-07 8.5115E-07 2.3690E-06 3.3957E-06
Fe59 0.0000E+00 0.0000E+00 7.7549E-50 0.0000E+00
Fe60 2.5761E-16 1.8715E-15 1.7194E-14 2.7200E-14
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 6.8470E-07 9.3926E-07 2.6046E-06 3.7267E-06
Co60 4.9757E-22 3.6141E-21 3.3176E-20 5.2468E-20
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ni58 7.7766E-06 1.0664E-05 2.9547E-05 4.2255E-05
Ni59 9.9983E-10 1.3992E-09 3.7334E-09 4.5526E-09
Ni60 3.0997E-06 4.2511E-06 1.1781E-05 1.6849E-05
Ni61 1.3759E-07 1.8876E-07 5.2345E-07 7.4870E-07
Ni62 4.4420E-07 6.0932E-07 1.6896E-06 2.4172E-06
Ni63 9.8467E-22 3.3654E-19 2.3441E-18 1.4990E-24
Ni64 1.1673E-07 1.6010E-07 4.4380E-07 6.3475E-07
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 8.0312E-08 1.1020E-07 3.0573E-07 4.3735E-07
Cu64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu65 3.6914E-08 5.0650E-08 1.4055E-07 2.0108E-07
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 1.3414E-07 1.8398E-07 5.0996E-07 7.2939E-07
Zn65 8.4272E-21 5.5101E-19 8.3456E-18 7.4316E-23
Zn66 7.9362E-08 1.0884E-07 3.0168E-07 4.3146E-07
Zn67 1.1843E-08 1.6242E-08 4.5023E-08 6.4389E-08
Zn68 5.4963E-08 7.5377E-08 2.0893E-07 2.9879E-07
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 1.8702E-09 2.5644E-09 7.1059E-09 1.0162E-08
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 5.4040E-09 7.4110E-09 2.0540E-08 2.9369E-08
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 3.6885E-09 5.0588E-09 1.4024E-08 2.0056E-08
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 7.7390E-09 1.0614E-08 2.9420E-08 4.2072E-08
Ge71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge72 1.0514E-08 1.4418E-08 3.9960E-08 5.7149E-08
Ge73 2.9918E-09 4.1028E-09 1.1371E-08 1.6262E-08
Ge74 1.4238E-08 1.9525E-08 5.4108E-08 7.7379E-08
Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 3.0660E-09 4.2043E-09 1.1650E-08 1.6660E-08
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 1.7761E-09 2.4358E-09 6.7499E-09 9.6539E-09
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 1.7086E-10 2.3432E-10 6.4938E-10 9.2878E-10
Se75 0.0000E+00 2.3330E-44 6.3596E-46 0.0000E+00
Se76 1.8514E-09 2.5388E-09 7.0349E-09 1.0059E-08
Se77 1.5256E-09 2.0922E-09 5.7980E-09 8.2920E-09
Se78 4.8172E-09 6.6062E-09 1.8308E-08 2.6183E-08
Se79 1.0426E-14 6.3487E-14 5.3212E-14 2.6777E-15
Se80 1.0303E-08 1.4128E-08 3.9148E-08 5.5986E-08
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.8589E-09 2.5492E-09 7.0631E-09 1.0101E-08
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.6468E-09 2.2585E-09 6.2597E-09 8.9532E-09
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 1.6442E-09 2.2545E-09 6.2462E-09 8.9322E-09
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 5.9550E-11 8.1663E-11 2.2630E-10 3.2367E-10
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 3.9421E-10 5.4045E-10 1.4972E-09 2.1406E-09
Kr81 4.6107E-13 7.0804E-13 1.9176E-12 2.3041E-12
Kr82 2.0216E-09 2.7724E-09 7.6814E-09 1.0984E-08
Kr83 2.0218E-09 2.7729E-09 7.6856E-09 1.0993E-08
Kr84 1.0089E-08 1.3835E-08 3.8340E-08 5.4833E-08
Kr85 5.0968E-35 3.7929E-31 1.8997E-29 6.9811E-40
Kr86 3.1239E-09 4.2838E-09 1.1870E-08 1.6975E-08
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 2.3669E-09 3.2456E-09 8.9934E-09 1.2861E-08
Rb86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb87 9.9669E-10 1.3668E-09 3.7876E-09 5.4169E-09
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 4.1203E-11 5.6505E-11 1.5660E-10 2.2398E-10
Sr85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr86 7.5064E-10 1.0294E-09 2.8520E-09 4.0771E-09
Sr87 5.2932E-10 7.2607E-10 2.0127E-09 2.8786E-09
Sr88 6.4038E-09 8.7823E-09 2.4339E-08 3.4810E-08
Sr89 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr90 3.4386E-40 9.2712E-35 1.6719E-33 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 1.7134E-09 2.3498E-09 6.5115E-09 9.3132E-09
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 2.0898E-09 2.8657E-09 7.9412E-09 1.1357E-08
Zr91 4.6080E-10 6.3191E-10 1.7511E-09 2.5042E-09
Zr92 7.1216E-10 9.7661E-10 2.7062E-09 3.8702E-09
Zr93 1.4130E-13 2.0825E-13 5.7338E-13 7.5893E-13
Zr94 7.3722E-10 1.0110E-09 2.8015E-09 4.0066E-09
Zr95 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr96 0.0000E+00 2.3991E-43 1.6908E-38 0.0000E+00
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 3.1810E-10 4.3621E-10 1.2089E-09 1.7291E-09
Nb94 6.4533E-23 1.1673E-22 1.5004E-22 7.1279E-23
Nb95 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 1.2026E-10 1.6491E-10 4.5697E-10 6.5354E-10
Mo93 1.4094E-16 7.9952E-16 3.8120E-16 3.8487E-18
Mo94 7.7650E-11 1.0643E-10 2.9462E-10 4.2111E-10
Mo95 1.3548E-10 1.8578E-10 5.1477E-10 7.3616E-10
Mo96 2.6546E-10 3.6402E-10 1.0087E-09 1.4425E-09
Mo97 8.3873E-11 1.1501E-10 3.1866E-10 4.5568E-10
Mo98 2.1534E-10 2.9530E-10 8.1820E-10 1.1701E-09
Xe132 7.2190E-10 9.8996E-10 2.7432E-09 3.9231E-09
Xe133 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Xe134 2.7057E-10 3.7103E-10 1.0280E-09 1.4702E-09
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 1.8968E-10 2.6013E-10 7.2089E-10 1.0311E-09
Cs134 1.3897E-40 3.5971E-36 2.1379E-38 8.8481E-45
Cs135 1.2212E-14 1.5376E-14 2.8679E-14 3.3398E-14
Cs136 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs137 7.5755E-41 1.1094E-35 1.2492E-34 0.0000E+00
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 5.8450E-11 8.0124E-11 2.2182E-10 3.1704E-10
Ba135 1.5978E-10 2.1913E-10 6.0730E-10 8.6860E-10
Ba136 1.9219E-10 2.6356E-10 7.3033E-10 1.0444E-09
Ba137 2.7649E-10 3.7918E-10 1.0508E-09 1.5028E-09
Ba138 1.7779E-09 2.4380E-09 6.7560E-09 9.6618E-09
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.8768E-13 2.5735E-13 7.1311E-13 1.0198E-12
La139 2.0755E-10 2.8460E-10 7.8866E-10 1.1279E-09
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 5.5887E-10 7.6639E-10 2.1236E-09 3.0370E-09
Ce141 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pr141 8.7805E-11 1.2041E-10 3.3367E-10 4.7720E-10
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 1.1995E-10 1.6448E-10 4.5576E-10 6.5176E-10
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Nd143 5.3642E-11 7.3564E-11 2.0387E-10 2.9159E-10
Nd144 1.0669E-10 1.4630E-10 4.0536E-10 5.7969E-10
Hg202 1.0595E-10 1.4529E-10 4.0256E-10 5.7568E-10
Hg203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Hg204 2.4598E-11 3.3732E-11 9.3463E-11 1.3367E-10
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 5.6509E-11 7.7494E-11 2.1474E-10 3.0711E-10
Tl204 1.4489E-39 2.3089E-35 2.1486E-35 4.5920E-44
Tl205 1.3622E-10 1.8680E-10 5.1763E-10 7.4028E-10
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 2.7235E-11 3.7350E-11 1.0349E-10 1.4801E-10
Pb205 9.9564E-22 1.0702E-21 2.6073E-21 2.0624E-21
Pb206 2.5556E-10 3.5047E-10 9.7115E-10 1.3889E-09
Pb207 2.8415E-10 3.8966E-10 1.0797E-09 1.5442E-09
Pb208 8.1725E-10 1.1207E-09 3.1054E-09 4.4411E-09
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 1.1082E-10 1.5196E-10 4.2107E-10 6.0218E-10
v=300 km/s - [Fe/H]=-1
H 1.4488E+00 2.3166E+00 1.6260E+00 3.9115E+00
H2 4.8079E-17 1.2891E-16 1.8218E-13 3.7178E-12
H3 2.4746E-28 1.8587E-23 1.2609E-17 1.1087E-15
He3 4.6683E-05 6.9156E-05 3.3451E-05 6.0102E-05
He4 8.2622E-01 1.4740E+00 1.2222E+00 2.5235E+00
Li6 1.1138E-13 2.1645E-13 5.7529E-13 1.2675E-12
Li7 2.2625E-12 4.3131E-12 1.1405E-11 6.4645E-11
Be7 3.9436E-17 5.3217E-17 7.9278E-18 6.2907E-15
Be9 2.7024E-14 5.1696E-14 1.3906E-13 2.9977E-13
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 1.7197E-13 3.2956E-13 8.8583E-13 1.8777E-12
B11 2.2918E-11 3.5221E-11 2.7965E-11 5.0966E-11
C12 3.1623E-04 5.4533E-04 2.8322E-04 5.4028E-04
C13 3.8400E-05 7.3682E-05 3.5200E-05 7.3467E-05
C14 8.3183E-13 8.8712E-10 2.6361E-17 9.4841E-15
N13 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
N14 2.5051E-03 5.3773E-03 4.1372E-03 9.7507E-03
N15 9.5875E-08 1.7860E-07 1.1731E-07 2.6500E-07
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 0.0000E+00 9.6779E-40 6.4554E-44 4.0307E-42
O16 3.0264E-03 4.9000E-03 2.6344E-03 7.1073E-03
O17 3.2885E-06 5.1224E-06 2.3421E-06 1.0045E-05
O18 3.9917E-06 6.1626E-06 3.0729E-06 5.5587E-06
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F19 6.9535E-08 1.0515E-07 4.7947E-08 1.4124E-07
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 2.5882E-04 4.2880E-04 3.1628E-04 7.2041E-04
Ne21 2.1326E-06 3.0758E-06 1.2900E-06 3.0849E-06
Ne22 1.3160E-05 3.0735E-05 1.0910E-05 3.4073E-05
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Na22 1.2792E-25 4.4508E-18 0.0000E+00 1.3818E-35
Na23 2.3443E-05 5.0502E-05 4.3935E-05 9.5545E-05
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 2.2552E-04 3.7596E-04 2.8244E-04 6.3814E-04
Mg25 2.0270E-05 3.1619E-05 1.9194E-05 4.7054E-05
Mg26 4.0668E-05 6.7958E-05 4.9898E-05 1.1507E-04
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 1.2672E-08 5.7929E-08 9.2669E-07 3.1444E-07
Alg6 1.2672E-08 5.7929E-08 9.2669E-07 3.1444E-07
Alm6 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al27 1.6104E-05 2.9520E-05 2.6773E-05 5.6098E-05
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 3.6090E-04 6.0150E-04 4.5182E-04 1.0210E-03
Si29 1.8978E-05 3.1633E-05 2.3754E-05 5.3684E-05
Si30 1.2943E-05 2.1579E-05 1.6205E-05 3.6619E-05
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 1.3394E-06 2.2385E-06 1.6766E-06 3.7902E-06
P32 0.0000E+00 8.2657E-43 0.0000E+00 0.0000E+00
P33 0.0000E+00 3.3271E-51 0.0000E+00 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 1.5062E-04 2.5101E-04 1.8855E-04 4.2608E-04
S33 1.2445E-06 2.0855E-06 1.5570E-06 3.5259E-06
S34 7.2325E-06 1.2064E-05 9.0537E-06 2.0460E-05
S35 0.0000E+00 5.8686E-34 0.0000E+00 0.0000E+00
S36 3.5700E-08 5.9500E-08 4.4688E-08 1.0099E-07
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 1.4091E-06 2.3481E-06 1.7640E-06 3.9859E-06
Cl36 4.8848E-12 9.3249E-11 1.9702E-12 9.8655E-11
Cl37 4.7687E-07 8.0269E-07 5.9623E-07 1.3538E-06
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 2.8772E-05 4.7942E-05 3.6016E-05 8.1386E-05
Ar37 2.0076E-19 4.2017E-15 8.1035E-25 1.9993E-20
Ar38 5.5219E-06 9.2040E-06 6.9125E-06 1.5621E-05
Ar39 5.6811E-21 5.6226E-16 8.4288E-28 2.6013E-23
Ar40 9.2967E-09 1.5497E-08 1.1638E-08 2.6303E-08
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 6.5391E-07 1.0903E-06 8.1854E-07 1.8500E-06
K40 1.0669E-09 2.0116E-09 1.3244E-09 3.1560E-09
K41 4.9635E-08 8.2992E-08 6.2108E-08 1.4042E-07
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 3.1906E-05 5.3172E-05 3.9943E-05 9.0259E-05
Ca41 2.7225E-10 2.7821E-09 3.7044E-11 3.6042E-09
Ca42 2.2383E-07 3.7557E-07 2.8000E-07 6.3404E-07
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ca43 4.7801E-08 8.0117E-08 5.9814E-08 1.3529E-07
Ca44 7.5535E-07 1.2605E-06 9.4552E-07 2.1366E-06
Ca45 3.6108E-47 4.8037E-31 0.0000E+00 0.0000E+00
Ca46 1.5140E-09 2.5231E-09 1.8953E-09 4.2830E-09
Ca47 0.0000E+00 3.0003E-49 0.0000E+00 0.0000E+00
Ca48 7.3860E-08 1.2310E-07 9.2461E-08 2.0894E-07
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 1.0692E-08 1.8011E-08 1.3378E-08 3.0283E-08
Sc46 0.0000E+00 1.5551E-33 0.0000E+00 0.0000E+00
Sc47 0.0000E+00 1.0451E-48 0.0000E+00 0.0000E+00
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 1.1341E-07 1.8953E-07 1.4196E-07 3.2077E-07
Ti47 1.0447E-07 1.7419E-07 1.3079E-07 2.9547E-07
Ti48 1.0572E-06 1.7617E-06 1.3234E-06 2.9901E-06
Ti49 7.9253E-08 1.3270E-07 9.9158E-08 2.2460E-07
Ti50 7.7444E-08 1.3027E-07 9.6898E-08 2.1912E-07
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 1.7873E-10 2.9776E-10 2.2375E-10 5.0549E-10
V51 7.2747E-08 1.2127E-07 9.1065E-08 2.0580E-07
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 1.5931E-07 2.6541E-07 1.9945E-07 4.5056E-07
Cr51 1.4343E-20 2.3019E-16 1.0969E-25 1.1511E-21
Cr52 3.1954E-06 5.3252E-06 4.0000E-06 9.0388E-06
Cr53 3.6927E-07 6.1531E-07 4.6229E-07 1.0445E-06
Cr54 9.3727E-08 1.5690E-07 1.1726E-07 2.6556E-07
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 2.4873E-06 4.1469E-06 3.1134E-06 7.0402E-06
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 1.6768E-05 2.7936E-05 2.0991E-05 4.7425E-05
Fe55 5.4202E-16 2.0577E-12 9.8099E-18 1.4877E-16
Fe56 2.7298E-04 4.5489E-04 3.4173E-04 7.7223E-04
Fe57 6.4188E-06 1.0712E-05 8.0331E-06 1.8178E-05
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Fe58 8.7164E-07 1.4814E-06 1.0887E-06 2.4791E-06
Fe59 0.0000E+00 6.8498E-36 0.0000E+00 0.0000E+00
Fe60 3.7023E-15 8.5487E-14 3.0820E-15 2.1143E-14
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 9.6911E-07 1.6208E-06 1.2128E-06 2.7420E-06
Co60 7.1490E-21 1.6500E-19 5.9580E-21 4.0820E-20
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 1.1009E-05 1.8342E-05 1.3781E-05 3.1137E-05
Ni59 1.5184E-10 1.2464E-09 4.6911E-12 2.5718E-09
Ni60 4.3873E-06 7.3180E-06 5.4921E-06 1.2411E-05
Ni61 1.9412E-07 3.2627E-07 2.4281E-07 5.5025E-07
Ni62 6.2863E-07 1.0529E-06 7.8678E-07 1.7789E-06
Ni63 7.1130E-22 1.2838E-16 2.8612E-29 2.4595E-24
Ni64 1.6536E-07 2.7912E-07 2.0693E-07 4.6742E-07
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 1.1362E-07 1.9272E-07 1.4211E-07 3.2146E-07
Cu64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu65 5.2343E-08 9.0762E-08 6.5464E-08 1.4779E-07
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 1.8996E-07 3.1835E-07 2.3775E-07 5.3717E-07
Zn65 1.8415E-20 1.9040E-15 3.0980E-28 4.5128E-23
Zn66 1.1245E-07 1.8997E-07 1.4073E-07 3.1778E-07
Zn67 1.6783E-08 2.8493E-08 2.1002E-08 4.7417E-08
Zn68 7.7925E-08 1.3307E-07 9.7491E-08 2.2007E-07
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 2.6472E-09 4.4109E-09 3.3140E-09 7.4880E-09
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 7.6705E-09 1.3402E-08 9.5862E-09 2.1626E-08
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 5.2395E-09 9.2006E-09 6.5481E-09 1.4770E-08
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 1.0988E-08 1.9155E-08 1.3734E-08 3.0985E-08
Ge71 0.0000E+00 6.3045E-42 0.0000E+00 0.0000E+00
Ge72 1.4918E-08 2.5688E-08 1.8655E-08 4.2099E-08
Ge73 4.2445E-09 7.2902E-09 5.3080E-09 1.1980E-08
Ge74 2.0207E-08 3.5039E-08 2.5258E-08 5.7003E-08
Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 4.3401E-09 7.2317E-09 5.4333E-09 1.2277E-08
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 2.5197E-09 4.3299E-09 3.1508E-09 7.1118E-09
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 2.4205E-10 4.0317E-10 3.0304E-10 6.8446E-10
Se75 0.0000E+00 1.2320E-34 0.0000E+00 0.0000E+00
Se76 2.6320E-09 4.7174E-09 3.2846E-09 7.4087E-09
Se77 2.1649E-09 3.7360E-09 2.7063E-09 6.1091E-09
Se78 6.8459E-09 1.2158E-08 8.5470E-09 1.9286E-08
Se79 7.0897E-15 1.8215E-12 2.1490E-15 3.3114E-17
Se80 1.4589E-08 2.4347E-08 1.8261E-08 4.1257E-08
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 2.6310E-09 4.3843E-09 3.2937E-09 7.4429E-09
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 2.3359E-09 3.9674E-09 2.9219E-09 6.5975E-09
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 2.3277E-09 3.8937E-09 2.9134E-09 6.5820E-09
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 8.4349E-11 1.4051E-10 1.0560E-10 2.3852E-10
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 5.6106E-10 1.0607E-09 6.9876E-10 1.5755E-09
Kr81 2.5569E-12 7.3530E-11 1.1024E-12 6.3047E-13
Kr82 2.8781E-09 5.3556E-09 3.5842E-09 8.0869E-09
Kr83 2.8671E-09 4.8878E-09 3.5862E-09 8.0992E-09
Kr84 1.4306E-08 2.4547E-08 1.7887E-08 4.0397E-08
Kr85 1.2446E-32 1.1354E-23 2.9622E-46 4.5513E-37
Kr86 4.4215E-09 7.3743E-09 5.5349E-09 1.2508E-08
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 3.3560E-09 5.7549E-09 4.1960E-09 9.4757E-09
Rb86 0.0000E+00 6.2330E-41 0.0000E+00 0.0000E+00
Rb87 1.4107E-09 2.3518E-09 1.7662E-09 3.9913E-09
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 5.8369E-11 9.7227E-11 7.3077E-11 1.6506E-10
Sr85 0.0000E+00 6.1752E-38 0.0000E+00 0.0000E+00
Sr86 1.0752E-09 2.2814E-09 1.3291E-09 2.9990E-09
Sr87 7.5824E-10 1.5573E-09 9.3902E-10 2.1184E-09
Sr88 9.1211E-09 1.7270E-08 1.1357E-08 2.5641E-08
Sr89 0.0000E+00 3.2694E-36 0.0000E+00 0.0000E+00
Sr90 2.2314E-37 5.4952E-29 0.0000E+00 4.5180E-47
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 2.4362E-09 4.5117E-09 3.0378E-09 6.8608E-09
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 2.9652E-09 5.2966E-09 3.7038E-09 8.3670E-09
Zr91 6.5370E-10 1.1650E-09 8.1663E-10 1.8450E-09
Zr92 1.0103E-09 1.8177E-09 1.2619E-09 2.8512E-09
Zr93 7.1176E-13 4.1135E-11 7.9492E-14 3.5509E-13
Zr94 1.0453E-09 1.8591E-09 1.3065E-09 2.9520E-09
Zr95 0.0000E+00 2.5152E-35 0.0000E+00 0.0000E+00
Zr96 7.5213E-48 7.2492E-32 0.0000E+00 0.0000E+00
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 4.5061E-10 7.5173E-10 5.6410E-10 1.2742E-09
Nb94 2.3448E-23 3.6252E-19 8.8780E-26 4.7031E-24
Nb95 0.0000E+00 3.0216E-35 0.0000E+00 0.0000E+00
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 1.7029E-10 2.8369E-10 2.1319E-10 4.8160E-10
Mo93 3.5063E-19 1.1884E-16 1.6050E-22 3.3143E-21
Mo94 1.0965E-10 1.8313E-10 1.3723E-10 3.1024E-10
Mo95 1.9192E-10 3.3037E-10 2.4006E-10 5.4241E-10
Mo96 3.7600E-10 6.4863E-10 4.7031E-10 1.0628E-09
Mo97 1.1879E-10 2.0623E-10 1.4856E-10 3.3573E-10
Mo98 3.0501E-10 5.3427E-10 3.8139E-10 8.6206E-10
Xe132 1.0224E-09 1.7494E-09 1.2792E-09 2.8905E-09
Xe133 0.0000E+00 1.4786E-45 0.0000E+00 0.0000E+00
Xe134 3.8300E-10 6.3817E-10 4.7947E-10 1.0834E-09
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 2.6869E-10 4.5333E-10 3.3631E-10 7.5978E-10
Cs134 6.4674E-40 4.4801E-28 0.0000E+00 0.0000E+00
Cs135 1.9478E-15 1.9110E-14 8.2114E-17 1.9630E-14
Cs136 0.0000E+00 2.8559E-46 0.0000E+00 0.0000E+00
Cs137 1.0254E-40 2.1527E-32 0.0000E+00 0.0000E+00
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ba134 8.2620E-11 1.5532E-10 1.0312E-10 2.3343E-10
Ba135 2.2635E-10 3.8260E-10 2.8329E-10 6.4004E-10
Ba136 2.7211E-10 4.9003E-10 3.4005E-10 7.6913E-10
Ba137 3.9160E-10 6.7943E-10 4.8985E-10 1.1071E-09
Ba138 2.5172E-09 4.3280E-09 3.1496E-09 7.1183E-09
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 2.6561E-13 4.4269E-13 3.3249E-13 7.5139E-13
La139 2.9383E-10 5.0186E-10 3.6770E-10 8.3096E-10
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 7.9109E-10 1.3357E-09 9.9015E-10 2.2376E-09
Ce141 0.0000E+00 4.3995E-41 0.0000E+00 0.0000E+00
Pr141 1.2433E-10 2.0841E-10 1.5563E-10 3.5163E-10
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 1.6974E-10 2.8651E-10 2.1244E-10 4.8016E-10
Nd143 7.5973E-11 1.2699E-10 9.5109E-11 2.1486E-10
Nd144 1.5101E-10 2.5296E-10 1.8902E-10 4.2713E-10
Hg202 1.4991E-10 2.5187E-10 1.8764E-10 4.2412E-10
Hg203 0.0000E+00 8.1729E-42 0.0000E+00 0.0000E+00
Hg204 3.4824E-11 5.8021E-11 4.3595E-11 9.8494E-11
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 7.9987E-11 1.3401E-10 1.0013E-10 2.2627E-10
Tl204 2.5966E-39 1.1179E-27 0.0000E+00 0.0000E+00
Tl205 1.9282E-10 3.2289E-10 2.4136E-10 5.4543E-10
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 3.8505E-11 6.5342E-11 4.8184E-11 1.0899E-10
Pb205 2.3119E-22 7.8919E-18 1.9719E-22 1.3914E-21
Pb206 3.6169E-10 6.0569E-10 4.5273E-10 1.0232E-09
Pb207 4.0216E-10 6.7182E-10 5.0344E-10 1.1377E-09
Pb208 1.1567E-09 1.9290E-09 1.4479E-09 3.2721E-09
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 1.5685E-10 2.6141E-10 1.9634E-10 4.4369E-10
v=0 km/s - [Fe/H]=-2
H 2.5275E-02 1.5864E-01 2.0741E-01 2.5904E-01
H2 8.4673E-07 4.4602E-06 5.9392E-06 7.4361E-06
H3 1.7706E-30 1.4324E-22 5.4323E-19 3.3079E-17
He3 1.0887E-06 8.8735E-06 1.0937E-05 1.4700E-05
He4 8.0007E-03 5.0154E-02 6.5629E-02 8.1846E-02
Li6 3.8376E-12 2.0217E-11 2.6924E-11 3.3713E-11
Li7 5.4512E-11 2.8721E-10 3.8253E-10 4.7902E-10
Be7 1.3894E-26 2.5616E-21 2.7529E-20 1.6666E-19
Be9 4.5713E-14 2.8491E-13 3.5411E-13 4.2814E-13
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 2.1193E-13 1.4929E-12 1.8564E-12 2.5006E-12
B11 9.7213E-13 6.6742E-12 8.4008E-12 1.1196E-11
C12 1.3590E-06 8.9936E-06 1.1524E-05 1.4930E-05
C13 2.1519E-08 1.1667E-07 1.6631E-07 1.8092E-07
C14 2.7876E-32 3.9285E-32 1.1400E-31 0.0000E+00
N13 0.0000E+00 0.0000E+00 0.0000E+00 4.7895E-44
N14 3.8800E-07 1.6992E-06 2.6269E-06 2.3705E-06
N15 5.2020E-10 3.4960E-09 4.4398E-09 5.8296E-09
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
O15 1.5225E-43 2.8023E-37 4.6307E-36 3.5724E-35
O16 6.7413E-06 4.2557E-05 5.5483E-05 6.9627E-05
O17 6.5448E-09 2.2436E-08 3.2968E-08 2.8105E-08
O18 1.4427E-08 9.4794E-08 1.2184E-07 1.5704E-07
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F19 1.6709E-10 1.0575E-09 1.3787E-09 1.7316E-09
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 3.8737E-07 2.4319E-06 3.1789E-06 3.9714E-06
Ne21 9.9165E-10 6.1387E-09 8.0156E-09 9.9960E-09
Ne22 3.0592E-08 1.9558E-07 2.5432E-07 3.2122E-07
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na23 1.0928E-08 6.3403E-08 8.5904E-08 1.0033E-07
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 3.2886E-07 2.0635E-06 2.6984E-06 3.3689E-06
Mg25 4.3089E-08 2.7162E-07 3.5425E-07 4.4427E-07
Mg26 4.9796E-08 3.1174E-07 4.0776E-07 5.0868E-07
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 3.4031E-15 8.4073E-15 1.4637E-13 1.6207E-29
Alg6 3.4031E-15 8.4073E-15 1.4637E-13 1.6207E-29
Alm6 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al27 1.8799E-08 1.1735E-07 1.5433E-07 1.9101E-07
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 5.2633E-07 3.3025E-06 4.3186E-06 5.3917E-06
Si29 2.7680E-08 1.7368E-07 2.2712E-07 2.8356E-07
Si30 1.8876E-08 1.1844E-07 1.5488E-07 1.9337E-07
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 1.9525E-09 1.2251E-08 1.6021E-08 2.0002E-08
P32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 2.1967E-07 1.3784E-06 1.8024E-06 2.2504E-06
S33 1.8136E-09 1.1380E-08 1.4881E-08 1.8579E-08
S34 1.0548E-08 6.6184E-08 8.6547E-08 1.0805E-07
S35 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S36 5.2066E-11 3.2670E-10 4.2721E-10 5.3337E-10
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 2.0551E-09 1.2895E-08 1.6863E-08 2.1053E-08
Cl36 6.6645E-30 1.2387E-29 4.3944E-29 5.3276E-36
Cl37 6.9438E-10 4.3570E-09 5.6976E-09 7.1135E-09
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 4.1962E-08 2.6331E-07 3.4432E-07 4.2988E-07
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ar37 6.7456E-33 2.2971E-32 6.6540E-32 0.0000E+00
Ar38 8.0534E-09 5.0532E-08 6.6081E-08 8.2501E-08
Ar39 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar40 1.3559E-11 8.5076E-11 1.1125E-10 1.3890E-10
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 9.5364E-10 5.9838E-09 7.8249E-09 9.7693E-09
K40 1.5418E-12 9.6689E-12 1.2653E-11 1.5804E-11
K41 7.2351E-11 4.5396E-10 5.9365E-10 7.4119E-10
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 4.6535E-08 2.9199E-07 3.8185E-07 4.7673E-07
Ca41 1.7512E-25 2.1036E-25 3.4787E-25 2.8561E-30
Ca42 3.2612E-10 2.0463E-09 2.6759E-09 3.3408E-09
Ca43 6.9667E-11 4.3714E-10 5.7162E-10 7.1367E-10
Ca44 1.1015E-09 6.9117E-09 9.0382E-09 1.1284E-08
Ca45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca46 2.2082E-12 1.3856E-11 1.8119E-11 2.2621E-11
Ca47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca48 1.0772E-10 6.7592E-10 8.8388E-10 1.1035E-09
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 1.5575E-11 9.7730E-11 1.2780E-10 1.5956E-10
Sc46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 1.6536E-10 1.0376E-09 1.3568E-09 1.6940E-09
Ti47 1.5237E-10 9.5607E-10 1.2502E-09 1.5609E-09
Ti48 1.5419E-09 9.6748E-09 1.2651E-08 1.5795E-08
Ti49 1.1551E-10 7.2479E-10 9.4778E-10 1.1833E-09
Ti50 1.1285E-10 7.0814E-10 9.2601E-10 1.1561E-09
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 2.6069E-13 1.6358E-12 2.1390E-12 2.6706E-12
V51 1.0610E-10 6.6572E-10 8.7055E-10 1.0869E-09
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 2.3237E-10 1.4580E-09 1.9066E-09 2.3805E-09
Cr51 8.1548E-34 2.7384E-33 7.1046E-33 0.0000E+00
Cr52 4.6601E-09 2.9241E-08 3.8240E-08 4.7741E-08
Cr53 5.3859E-10 3.3796E-09 4.4192E-09 5.5175E-09
Cr54 1.3660E-10 8.5711E-10 1.1208E-09 1.3993E-09
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 3.6272E-09 2.2760E-08 2.9762E-08 3.7160E-08
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 2.4457E-08 1.5346E-07 2.0067E-07 2.5054E-07
Fe55 6.9127E-29 1.5302E-28 9.4932E-28 4.2807E-34
Fe56 3.9814E-07 2.4983E-06 3.2667E-06 4.0785E-06
Fe57 9.3591E-09 5.8725E-08 7.6791E-08 9.5875E-08
Fe58 1.2674E-09 7.9523E-09 1.0399E-08 1.2983E-08
Fe59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 1.4128E-09 8.8647E-09 1.1592E-08 1.4473E-08
Co60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 1.6056E-08 1.0075E-07 1.3175E-07 1.6449E-07
Ni59 2.0010E-25 2.3713E-25 3.8573E-25 3.1184E-30
Ni60 6.3980E-09 4.0146E-08 5.2498E-08 6.5546E-08
Ni61 2.8276E-10 1.7742E-09 2.3201E-09 2.8966E-09
Ni62 9.1635E-10 5.7498E-09 7.5188E-09 9.3873E-09
Ni63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni64 2.4089E-10 1.5115E-09 1.9766E-09 2.4678E-09
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 1.6538E-10 1.0377E-09 1.3570E-09 1.6942E-09
Cu64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu65 7.6053E-11 4.7720E-10 6.2401E-10 7.7911E-10
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 2.7689E-10 1.7374E-09 2.2719E-09 2.8365E-09
Zn65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn66 1.6382E-10 1.0279E-09 1.3442E-09 1.6782E-09
Zn67 2.4439E-11 1.5335E-10 2.0052E-10 2.5036E-10
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Zn68 1.1343E-10 7.1175E-10 9.3071E-10 1.1620E-09
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 3.8611E-12 2.4227E-11 3.1682E-11 3.9554E-11
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 1.1143E-11 6.9920E-11 9.1430E-11 1.1415E-10
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 7.6096E-12 4.7749E-11 6.2440E-11 7.7955E-11
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 1.5967E-11 1.0019E-10 1.3101E-10 1.6357E-10
Ge71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge72 2.1703E-11 1.3618E-10 1.7808E-10 2.2233E-10
Ge73 6.1763E-12 3.8754E-11 5.0676E-11 6.3271E-11
Ge74 2.9385E-11 1.8438E-10 2.4111E-10 3.0102E-10
Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 6.3301E-12 3.9719E-11 5.1940E-11 6.4850E-11
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 3.6666E-12 2.3008E-11 3.0087E-11 3.7562E-11
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 3.5304E-13 2.2154E-12 2.8968E-12 3.6168E-12
Se75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se76 3.8174E-12 2.3953E-11 3.1324E-11 3.9107E-11
Se77 3.1495E-12 1.9762E-11 2.5842E-11 3.2264E-11
Se78 9.9390E-12 6.2364E-11 8.1551E-11 1.0182E-10
Se79 1.2349E-32 1.4762E-32 1.5015E-32 2.3854E-46
Se80 2.1276E-11 1.3350E-10 1.7457E-10 2.1795E-10
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 3.8376E-12 2.4078E-11 3.1488E-11 3.9312E-11
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 3.4022E-12 2.1347E-11 2.7915E-11 3.4855E-11
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 3.3935E-12 2.1293E-11 2.7844E-11 3.4763E-11
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 1.2303E-13 7.7199E-13 1.0095E-12 1.2604E-12
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 8.1080E-13 5.0877E-12 6.6529E-12 8.3060E-12
Kr81 5.5881E-32 9.7320E-32 3.4445E-31 1.3846E-38
Kr82 4.1644E-12 2.6130E-11 3.4169E-11 4.2660E-11
Kr83 4.1756E-12 2.6201E-11 3.4262E-11 4.2776E-11
Kr84 2.0827E-11 1.3069E-10 1.7089E-10 2.1336E-10
Kr85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr86 6.4484E-12 4.0461E-11 5.2911E-11 6.6057E-11
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 4.8858E-12 3.0658E-11 4.0089E-11 5.0053E-11
Rb86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb87 2.0580E-12 1.2913E-11 1.6887E-11 2.1083E-11
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 8.5140E-14 5.3424E-13 6.9859E-13 8.7220E-13
Sr85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr86 1.5415E-12 9.6723E-12 1.2648E-11 1.5791E-11
Sr87 1.0899E-12 6.8388E-12 8.9425E-12 1.1164E-11
Sr88 1.3216E-11 8.2926E-11 1.0844E-10 1.3539E-10
Sr89 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 3.5367E-12 2.2192E-11 2.9020E-11 3.6232E-11
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 4.3138E-12 2.7066E-11 3.5394E-11 4.4191E-11
Zr91 9.5115E-13 5.9684E-12 7.8044E-12 9.7440E-12
Zr92 1.4699E-12 9.2228E-12 1.2060E-11 1.5057E-11
Zr93 1.4955E-30 2.6009E-30 8.0222E-30 6.0686E-35
Zr94 1.5220E-12 9.5498E-12 1.2488E-11 1.5591E-11
Zr95 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr96 2.1415E-13 1.1280E-12 1.5021E-12 1.8806E-12
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 6.5720E-13 4.1238E-12 5.3926E-12 6.7326E-12
Nb94 1.7181E-34 2.6730E-34 2.8276E-34 0.0000E+00
Nb95 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 2.4838E-13 1.5585E-12 2.0380E-12 2.5445E-12
Mo93 3.0258E-39 1.8711E-39 1.2176E-38 0.0000E+00
Mo94 1.5989E-13 1.0032E-12 1.3119E-12 1.6379E-12
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Mo95 2.7967E-13 1.7548E-12 2.2947E-12 2.8650E-12
Mo96 3.3375E-13 2.3098E-12 2.9937E-12 3.7324E-12
Mo97 1.7307E-13 1.0859E-12 1.4200E-12 1.7729E-12
Mo98 4.4431E-13 2.7879E-12 3.6456E-12 4.5515E-12
Xe132 1.4903E-12 9.3511E-12 1.2228E-11 1.5267E-11
Xe133 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Xe134 5.5861E-13 3.5052E-12 4.5834E-12 5.7225E-12
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 3.9181E-13 2.4584E-12 3.2150E-12 4.0137E-12
Cs134 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs135 8.8308E-31 1.4256E-30 3.7474E-30 3.2940E-35
Cs136 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs137 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 1.2012E-13 7.5369E-13 9.8559E-13 1.2305E-12
Ba135 3.3004E-13 2.0709E-12 2.7081E-12 3.3810E-12
Ba136 3.9616E-13 2.4858E-12 3.2503E-12 4.0580E-12
Ba137 5.7067E-13 3.5808E-12 4.6827E-12 5.8463E-12
Ba138 3.6696E-12 2.3025E-11 3.0109E-11 3.7590E-11
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 3.8737E-16 2.4308E-15 3.1786E-15 3.9683E-15
La139 4.2840E-13 2.6880E-12 3.5151E-12 4.3885E-12
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 1.1536E-12 7.2383E-12 9.4652E-12 1.1818E-11
Ce141 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pr141 1.8132E-13 1.1377E-12 1.4878E-12 1.8574E-12
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 2.4750E-13 1.5530E-12 2.0308E-12 2.5355E-12
Nd143 1.1081E-13 6.9529E-13 9.0921E-13 1.1352E-12
Nd144 2.2022E-13 1.3818E-12 1.8070E-12 2.2560E-12
Hg202 2.1860E-13 1.3717E-12 1.7937E-12 2.2394E-12
Hg203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Hg204 5.0794E-14 3.1872E-13 4.1678E-13 5.2035E-13
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 1.1665E-13 7.3196E-13 9.5717E-13 1.1950E-12
Tl204 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl205 2.8120E-13 1.7645E-12 2.3073E-12 2.8807E-12
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 5.6136E-14 3.5223E-13 4.6058E-13 5.7505E-13
Pb205 3.1574E-30 4.1086E-30 7.5379E-30 6.4229E-35
Pb206 5.2746E-13 3.3096E-12 4.3279E-12 5.4033E-12
Pb207 5.8651E-13 3.6803E-12 4.8124E-12 6.0083E-12
Pb208 1.6869E-12 1.0585E-11 1.3841E-11 1.7281E-11
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 2.2875E-13 1.4354E-12 1.8770E-12 2.3434E-12
v=150 km/s - [Fe/H]=-2
H 1.4314E+00 1.4374E+00 1.6673E+00 1.0950E-01
H2 6.0039E-17 1.1216E-16 1.4198E-14 2.1370E-13
H3 7.4085E-25 1.4473E-22 5.4996E-19 3.3360E-17
He3 5.4279E-05 5.2136E-05 5.3866E-05 6.1820E-06
He4 5.6539E-01 5.8604E-01 7.6112E-01 3.6504E-02
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Li6 4.0471E-14 7.3967E-14 1.9439E-13 3.9547E-13
Li7 2.4734E-12 2.6828E-12 3.8715E-12 7.5381E-12
Be7 6.7920E-16 3.5200E-16 9.2158E-17 3.9835E-23
Be9 9.2609E-16 1.6842E-15 4.6014E-15 9.3440E-15
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 6.0397E-15 1.0854E-14 2.9543E-14 5.9526E-14
B11 4.1452E-12 4.1088E-12 4.1207E-12 1.2555E-12
C12 3.3916E-05 3.5896E-05 4.2369E-05 4.1685E-06
C13 3.3924E-06 3.8287E-06 4.9847E-06 2.4196E-07
C14 9.9113E-11 1.0849E-10 1.4998E-12 4.3249E-33
N13 6.0754E-32 4.2035E-30 3.7628E-27 0.0000E+00
N14 2.1472E-04 2.4519E-04 5.5831E-04 6.7876E-06
N15 1.0208E-08 1.0753E-08 1.7208E-08 1.1356E-09
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 4.3128E-34 2.9568E-32 9.0542E-29 0.0000E+00
O16 3.2088E-04 3.2679E-04 4.4958E-04 2.6002E-05
O17 7.6343E-07 6.5715E-07 7.0308E-07 2.0965E-08
O18 4.0401E-07 4.1094E-07 4.5744E-07 4.7161E-08
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 1.0971E-45 2.8240E-35 1.7276E-31 0.0000E+00
F18 7.0433E-46 2.0716E-36 1.2562E-32 0.0000E+00
F19 7.6257E-09 7.5444E-09 8.4607E-09 6.5067E-10
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 2.2043E-05 2.2238E-05 2.6242E-05 1.6683E-06
Ne21 8.0456E-08 7.1109E-08 6.9131E-08 4.1387E-09
Ne22 1.3355E-06 1.3565E-06 1.7444E-06 1.1825E-07
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 9.3556E-26 5.1866E-22 4.6902E-24 0.0000E+00
Na23 2.5549E-06 2.7309E-06 3.9564E-06 1.0036E-07
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.9794E-05 2.0090E-05 2.4254E-05 1.4445E-06
Mg25 1.9823E-06 1.9568E-06 2.2034E-06 1.6645E-07
Mg26 2.9357E-06 2.9173E-06 3.1896E-06 2.2025E-07
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 2.8322E-10 7.3453E-10 3.2998E-09 2.5585E-11
Alg6 2.8322E-10 7.3453E-10 3.2998E-09 2.5585E-11
Alm6 0.0000E+00 1.7140E-47 4.2233E-42 0.0000E+00
Al27 1.7650E-06 1.8750E-06 2.6165E-06 1.0337E-07
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 3.1609E-05 3.2043E-05 3.8508E-05 2.3099E-06
Si29 1.6602E-06 1.6819E-06 2.0160E-06 1.2142E-07
Si30 1.1333E-06 1.1490E-06 1.3821E-06 8.2851E-08
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 1.1726E-07 1.1884E-07 1.4273E-07 8.5683E-09
P32 0.0000E+00 1.0165E-43 2.9513E-43 0.0000E+00
P33 0.0000E+00 3.3344E-50 0.0000E+00 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 1.3182E-05 1.3358E-05 1.6033E-05 9.6385E-07
S33 1.0884E-07 1.1031E-07 1.3258E-07 7.9577E-09
S34 6.3293E-07 6.4139E-07 7.6988E-07 4.6280E-08
S35 1.4188E-46 4.1505E-36 4.3699E-42 0.0000E+00
S36 3.1243E-09 3.1661E-09 3.8001E-09 2.2845E-10
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 1.2332E-07 1.2497E-07 1.4999E-07 9.0174E-09
Cl36 3.8018E-13 5.3935E-13 2.7587E-12 5.6799E-28
Cl37 4.1683E-08 4.2251E-08 5.0828E-08 3.0468E-09
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 2.5180E-06 2.5516E-06 3.0627E-06 1.8413E-07
Ar37 5.0657E-19 7.3384E-19 2.8489E-19 2.3443E-32
Ar38 4.8326E-07 4.8970E-07 5.8779E-07 3.5336E-08
Ar39 4.8540E-18 1.0800E-17 4.5298E-20 0.0000E+00
Ar40 8.1361E-10 8.2446E-10 9.8962E-10 5.9491E-11
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 5.7224E-08 5.7991E-08 6.9609E-08 4.1843E-09
K40 9.2115E-11 9.3786E-11 1.1571E-10 6.7523E-12
K41 4.3420E-09 4.4002E-09 5.2834E-09 3.1744E-10
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 2.7925E-06 2.8297E-06 3.3964E-06 2.0419E-07
Ca41 9.0087E-12 1.4171E-11 6.7653E-11 4.0506E-24
Ca42 1.9572E-08 1.9836E-08 2.3841E-08 1.4309E-09
Ca43 4.1807E-09 4.2367E-09 5.0898E-09 3.0568E-10
Ca44 6.6098E-08 6.6980E-08 8.0399E-08 4.8332E-09
Ca45 9.1352E-43 4.5085E-34 2.2541E-41 0.0000E+00
Ca46 1.3250E-10 1.3427E-10 1.6117E-10 9.6890E-12
Ca47 0.0000E+00 0.0000E+00 4.1757E-46 0.0000E+00
Ca48 6.4640E-09 6.5503E-09 7.8623E-09 4.7266E-10
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 9.3480E-10 9.4737E-10 1.1383E-09 6.8340E-11
Sc46 1.5129E-46 1.1622E-35 3.7999E-42 0.0000E+00
Sc47 0.0000E+00 0.0000E+00 1.4022E-46 0.0000E+00
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 9.9227E-09 1.0055E-08 1.2070E-08 7.2556E-10
Ti47 9.1428E-09 9.2648E-09 1.1120E-08 6.6855E-10
Ti48 9.2521E-08 9.3755E-08 1.1253E-07 6.7653E-09
Ti49 6.9327E-09 7.0261E-09 8.4405E-09 5.0681E-10
Ti50 6.7724E-09 6.8632E-09 8.2425E-09 4.9518E-10
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 1.5643E-11 1.5851E-11 1.9024E-11 1.1438E-12
V51 6.3665E-09 6.4517E-09 7.7439E-09 4.6552E-10
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 1.3943E-08 1.4129E-08 1.6957E-08 1.0196E-09
Cr51 4.7063E-20 1.1144E-19 3.8671E-20 3.8453E-33
Cr52 2.7965E-07 2.8338E-07 3.4012E-07 2.0448E-08
Cr53 3.2318E-08 3.2749E-08 3.9307E-08 2.3632E-09
Cr54 8.1984E-09 8.3090E-09 9.9836E-09 5.9935E-10
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 2.1768E-07 2.2060E-07 2.6483E-07 1.5916E-08
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 1.4675E-06 1.4871E-06 1.7848E-06 1.0731E-07
Fe55 2.7599E-13 3.4296E-13 1.6034E-14 1.6172E-27
Fe56 2.3891E-05 2.4209E-05 2.9057E-05 1.7469E-06
Fe57 5.6165E-07 5.6920E-07 6.8359E-07 4.1064E-08
Fe58 7.6093E-08 7.7150E-08 9.3073E-08 5.5608E-09
Fe59 6.2398E-50 4.5742E-36 2.7997E-41 0.0000E+00
Fe60 1.6576E-16 3.8811E-17 1.6911E-16 0.0000E+00
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 8.4777E-08 8.5915E-08 1.0319E-07 6.1988E-09
Co60 3.2080E-22 7.5100E-23 3.2699E-22 0.0000E+00
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 9.6346E-07 9.7633E-07 1.1718E-06 7.0451E-08
Ni59 7.3094E-12 1.0320E-11 3.9955E-11 4.4571E-24
Ni60 3.8393E-07 3.8906E-07 4.6705E-07 2.8073E-08
Ni61 1.6972E-08 1.7202E-08 2.0678E-08 1.2407E-09
Ni62 5.4989E-08 5.5726E-08 6.6925E-08 4.0206E-09
Ni63 8.3820E-20 2.3578E-19 6.0153E-22 0.0000E+00
Ni64 1.4455E-08 1.4649E-08 1.7588E-08 1.0570E-09
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Table 31 continued
214 Limongi,Chieffi
Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 9.9257E-09 1.0060E-08 1.2091E-08 7.2564E-10
Cu64 0.0000E+00 2.1825E-45 4.2265E-43 0.0000E+00
Cu65 4.5643E-09 4.6256E-09 5.5588E-09 3.3369E-10
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 1.6615E-08 1.6837E-08 2.0214E-08 1.2149E-09
Zn65 9.9117E-20 6.1435E-20 9.9027E-22 3.6676E-44
Zn66 9.8304E-09 9.9616E-09 1.1959E-08 7.1879E-10
Zn67 1.4665E-09 1.4861E-09 1.7842E-09 1.0723E-10
Zn68 6.8066E-09 6.8976E-09 8.2806E-09 4.9770E-10
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 2.3168E-10 2.3478E-10 2.8179E-10 1.6941E-11
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 6.6869E-10 6.7766E-10 8.1365E-10 4.8892E-11
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 4.5665E-10 4.6277E-10 5.5562E-10 3.3390E-11
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 9.5815E-10 9.7097E-10 1.1657E-09 7.0058E-11
Ge71 0.0000E+00 4.6410E-45 4.5007E-43 0.0000E+00
Ge72 1.3023E-09 1.3197E-09 1.5842E-09 9.5226E-11
Ge73 3.7061E-10 3.7556E-10 4.5082E-10 2.7100E-11
Ge74 1.7633E-09 1.7869E-09 2.1449E-09 1.2893E-10
Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 3.7986E-10 3.8491E-10 4.6198E-10 2.7776E-11
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 2.2003E-10 2.2296E-10 2.6764E-10 1.6089E-11
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 2.1184E-11 2.1467E-11 2.5762E-11 1.5491E-12
Se75 1.7308E-46 3.8032E-37 3.3294E-43 0.0000E+00
Se76 2.2908E-10 2.3215E-10 2.7873E-10 1.6750E-11
Se77 1.8899E-10 1.9151E-10 2.2988E-10 1.3819E-11
Table 31 continued
The evolution of rotating massive stars at various metallicities 215
Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Se78 5.9641E-10 6.0439E-10 7.2559E-10 4.3610E-11
Se79 1.4610E-15 1.1535E-15 2.5051E-16 3.2138E-32
Se80 1.2766E-09 1.2937E-09 1.5526E-09 9.3351E-11
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 2.3026E-10 2.3335E-10 2.8007E-10 1.6837E-11
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 2.0415E-10 2.0687E-10 2.4828E-10 1.4929E-11
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 2.0363E-10 2.0635E-10 2.4767E-10 1.4889E-11
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 7.3824E-12 7.4808E-12 8.9778E-12 5.3983E-13
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 4.8664E-11 4.9318E-11 5.9238E-11 3.5576E-12
Kr81 4.1224E-15 6.2392E-15 2.5655E-14 3.1078E-30
Kr82 2.4992E-10 2.5328E-10 3.0414E-10 1.8272E-11
Kr83 2.5056E-10 2.5391E-10 3.0477E-10 1.8323E-11
Kr84 1.2498E-09 1.2665E-09 1.5202E-09 9.1385E-11
Kr85 6.0522E-34 3.9855E-30 4.1231E-34 0.0000E+00
Kr86 3.8695E-10 3.9212E-10 4.7064E-10 2.8294E-11
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 2.9317E-10 2.9710E-10 3.5660E-10 2.1438E-11
Rb86 0.0000E+00 2.0192E-42 8.0251E-43 0.0000E+00
Rb87 1.2346E-10 1.2512E-10 1.5019E-10 9.0296E-12
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 5.1085E-12 5.1767E-12 6.2125E-12 3.7357E-13
Sr85 0.0000E+00 2.4606E-39 4.1658E-44 0.0000E+00
Sr86 9.2529E-11 9.3778E-11 1.1270E-10 6.7635E-12
Sr87 6.5439E-11 6.6312E-11 7.9650E-11 4.7825E-12
Sr88 7.9305E-10 8.0366E-10 9.6477E-10 5.7987E-11
Sr89 0.0000E+00 5.9537E-39 8.3714E-44 0.0000E+00
Sr90 9.5208E-35 2.0175E-34 8.4728E-38 0.0000E+00
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 2.1222E-10 2.1507E-10 2.5815E-10 1.5518E-11
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 2.5885E-10 2.6231E-10 3.1486E-10 1.8927E-11
Zr91 5.7076E-11 5.7839E-11 6.9424E-11 4.1735E-12
Zr92 8.8200E-11 8.9380E-11 1.0729E-10 6.4492E-12
Zr93 1.2253E-15 1.7790E-15 7.4991E-15 2.1815E-28
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Zr94 9.1326E-11 9.2545E-11 1.1108E-10 6.6778E-12
Zr95 1.5479E-50 1.3231E-38 8.0819E-44 0.0000E+00
Zr96 6.2312E-42 3.7042E-39 1.1399E-47 0.0000E+00
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 3.9434E-11 3.9960E-11 4.7957E-11 2.8837E-12
Nb94 9.0990E-25 1.8583E-24 1.1792E-24 1.0982E-34
Nb95 1.8597E-50 1.5793E-38 3.9792E-44 0.0000E+00
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 1.4904E-11 1.5103E-11 1.8126E-11 1.0898E-12
Mo93 8.2020E-18 9.6453E-18 1.5560E-18 1.9727E-39
Mo94 9.5957E-12 9.7241E-12 1.1673E-11 7.0154E-13
Mo95 1.6782E-11 1.7006E-11 2.0411E-11 1.2271E-12
Mo96 3.2877E-11 3.3316E-11 3.9991E-11 2.4040E-12
Mo97 1.0385E-11 1.0524E-11 1.2633E-11 7.5937E-13
Mo98 2.6662E-11 2.7018E-11 3.2432E-11 1.9495E-12
Xe132 8.9426E-11 9.0621E-11 1.0877E-10 6.5390E-12
Xe133 0.0000E+00 6.7114E-47 1.4942E-44 0.0000E+00
Xe134 3.3519E-11 3.3968E-11 4.0767E-11 2.4510E-12
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 2.3510E-11 2.3824E-11 2.8594E-11 1.7191E-12
Cs134 8.4600E-40 9.0503E-34 7.0181E-41 0.0000E+00
Cs135 1.1283E-16 1.4190E-16 3.7601E-16 7.2711E-29
Cs136 0.0000E+00 2.2252E-47 0.0000E+00 0.0000E+00
Cs137 4.5445E-36 1.9769E-35 7.9184E-39 0.0000E+00
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 7.2098E-12 7.3066E-12 8.7756E-12 5.2704E-13
Ba135 1.9804E-11 2.0068E-11 2.4086E-11 1.4481E-12
Ba136 2.3773E-11 2.4092E-11 2.8929E-11 1.7382E-12
Ba137 3.4246E-11 3.4702E-11 4.1658E-11 2.5040E-12
Ba138 2.2019E-10 2.2315E-10 2.6784E-10 1.6101E-11
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 2.3246E-14 2.3555E-14 2.8273E-14 1.6998E-15
La139 2.5705E-11 2.6051E-11 3.1268E-11 1.8797E-12
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 6.9223E-11 7.0148E-11 8.4199E-11 5.0616E-12
Ce141 0.0000E+00 9.7568E-42 7.8667E-45 0.0000E+00
Pr141 1.0880E-11 1.1025E-11 1.3233E-11 7.9558E-13
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 1.4852E-11 1.5051E-11 1.8066E-11 1.0860E-12
Nd143 6.6488E-12 6.7375E-12 8.0863E-12 4.8620E-13
Nd144 1.3215E-11 1.3391E-11 1.6073E-11 9.6628E-13
Hg202 1.3118E-11 1.3293E-11 1.5957E-11 9.5918E-13
Hg203 0.0000E+00 3.8368E-42 1.5925E-44 0.0000E+00
Hg204 3.0478E-12 3.0886E-12 3.7067E-12 2.2287E-13
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 6.9998E-12 7.0933E-12 8.5143E-12 5.1184E-13
Tl204 3.4529E-39 1.6754E-33 1.2395E-39 0.0000E+00
Tl205 1.6874E-11 1.7099E-11 2.0524E-11 1.2338E-12
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 3.3686E-12 3.4138E-12 4.0993E-12 2.4629E-13
Pb205 6.0600E-23 1.8658E-23 2.3384E-23 6.1231E-29
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Pb206 3.1651E-11 3.2073E-11 3.8501E-11 2.3143E-12
Pb207 3.5195E-11 3.5664E-11 4.2808E-11 2.5734E-12
Pb208 1.0123E-10 1.0258E-10 1.2312E-10 7.4017E-12
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 1.3726E-11 1.3910E-11 1.6696E-11 1.0037E-12
v=300 km/s - [Fe/H]=-2
H 1.0062E+00 8.3677E-01 2.0757E+00 7.9764E+00
H2 4.0307E-17 8.7184E-17 1.4201E-14 2.0417E-13
H3 7.4102E-25 1.4477E-22 5.4978E-19 3.2211E-17
He3 1.9489E-05 1.4708E-05 1.8715E-05 4.3525E-05
He4 5.3782E-01 4.7989E-01 1.1093E+00 3.8547E+00
Li6 1.7523E-14 3.2454E-14 8.7442E-14 1.7875E-13
Li7 4.7740E-13 7.4152E-13 2.3134E-12 7.2702E-10
Be7 2.1975E-17 1.6112E-17 6.6647E-19 6.9870E-12
Be9 3.8172E-16 7.0653E-16 1.9090E-15 4.2580E-15
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 2.3356E-15 4.3030E-15 1.1610E-14 2.5617E-14
B11 1.8413E-13 1.7556E-13 2.2060E-13 4.1531E-13
C12 1.1484E-05 1.0282E-05 1.5038E-05 3.9225E-05
C13 1.8762E-06 1.7498E-06 3.2496E-06 9.5059E-06
C14 1.9619E-19 1.0471E-23 7.5292E-29 1.4524E-25
N13 0.0000E+00 0.0000E+00 0.0000E+00 8.7762E-24
N14 2.5920E-04 2.9297E-04 4.4647E-04 1.5170E-03
N15 6.7236E-09 7.1564E-09 1.0544E-08 3.4114E-08
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 4.5315E-44 3.1515E-43 1.2529E-47 1.6336E-25
O16 1.9557E-04 1.7170E-04 3.8328E-04 1.4134E-03
O17 7.4837E-07 5.5034E-07 1.2935E-06 3.7125E-06
O18 1.4605E-07 1.2073E-07 1.8934E-07 4.3348E-07
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 0.0000E+00 0.0000E+00 0.0000E+00 7.1664E-28
F18 0.0000E+00 0.0000E+00 0.0000E+00 9.9816E-29
F19 4.4704E-09 3.6197E-09 9.0081E-09 3.4175E-08
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 1.6243E-05 1.3807E-05 3.3290E-05 1.2430E-04
Ne21 6.4559E-08 4.9036E-08 8.4160E-08 2.7947E-07
Ne22 8.4326E-07 1.0737E-06 1.5401E-06 5.8407E-06
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 2.2548E-40 9.5992E-45 6.1048E-41 3.7708E-28
Na23 3.2852E-06 3.0986E-06 6.6628E-06 2.3965E-05
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.5420E-05 1.3213E-05 3.1974E-05 1.1847E-04
Mg25 1.2285E-06 9.9776E-07 2.4669E-06 9.1610E-06
Mg26 2.0466E-06 1.6712E-06 3.9019E-06 1.4670E-05
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 2.8874E-09 4.6557E-09 6.3167E-09 5.9770E-09
Alg6 2.8874E-09 4.6557E-09 6.3167E-09 5.9770E-09
Alm6 0.0000E+00 0.0000E+00 0.0000E+00 9.4377E-38
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Al27 1.8127E-06 1.6274E-06 4.0224E-06 1.4966E-05
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 2.4484E-05 2.0900E-05 5.0561E-05 1.8770E-04
Si29 1.2821E-06 1.0922E-06 2.6405E-06 9.8137E-06
Si30 8.7802E-07 7.5019E-07 1.8154E-06 6.7377E-06
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 9.0823E-08 7.7612E-08 1.8723E-07 6.9514E-07
P32 0.0000E+00 0.0000E+00 0.0000E+00 3.6630E-38
P33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 1.0192E-05 8.6919E-06 2.1025E-05 7.8098E-05
S33 8.4265E-08 7.2010E-08 1.7361E-07 6.4478E-07
S34 4.8949E-07 4.1768E-07 1.0095E-06 3.7499E-06
S35 0.0000E+00 0.0000E+00 0.0000E+00 5.4980E-37
S36 2.4159E-09 2.0603E-09 4.9831E-09 1.8510E-08
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 9.5351E-08 8.1315E-08 1.9670E-07 7.3064E-07
Cl36 2.7194E-13 8.1398E-13 2.5805E-13 1.0628E-21
Cl37 3.2298E-08 2.7631E-08 6.6481E-08 2.4687E-07
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 1.9469E-06 1.6603E-06 4.0163E-06 1.4919E-05
Ar37 4.5138E-26 2.1772E-26 8.2583E-28 1.1967E-26
Ar38 3.7367E-07 3.1870E-07 7.7079E-07 2.8632E-06
Ar39 9.1284E-29 2.0420E-32 6.3887E-39 1.3778E-32
Ar40 6.2911E-10 5.3658E-10 1.2977E-09 4.8203E-09
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 4.4253E-08 3.7748E-08 9.1276E-08 3.3903E-07
K40 7.3044E-11 6.5975E-11 1.4742E-10 5.4634E-10
K41 3.3598E-09 2.8700E-09 6.9250E-09 2.5722E-08
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 2.1591E-06 1.8413E-06 4.4538E-06 1.6545E-05
Ca41 1.7404E-11 2.3459E-11 1.0598E-11 3.2456E-20
Ca42 1.5161E-08 1.2958E-08 3.1218E-08 1.1594E-07
Ca43 3.2383E-09 2.7683E-09 6.6685E-09 2.4767E-08
Ca44 5.1131E-08 4.3648E-08 1.0543E-07 3.9161E-07
Ca45 0.0000E+00 0.0000E+00 0.0000E+00 2.8256E-36
Ca46 1.0245E-10 8.7370E-11 2.1135E-10 7.8506E-10
Ca47 0.0000E+00 0.0000E+00 0.0000E+00 1.0754E-40
Ca48 4.9982E-09 4.2625E-09 1.0310E-08 3.8297E-08
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 7.2510E-10 6.2321E-10 1.4910E-09 5.5373E-09
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Sc46 0.0000E+00 0.0000E+00 0.0000E+00 4.4659E-37
Sc47 0.0000E+00 0.0000E+00 0.0000E+00 8.1950E-41
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 7.6787E-09 6.5644E-09 1.5827E-08 5.8789E-08
Ti47 7.0706E-09 6.0337E-09 1.4583E-08 5.4169E-08
Ti48 7.1538E-08 6.1014E-08 1.4757E-07 5.4817E-07
Ti49 5.3637E-09 4.5859E-09 1.1057E-08 4.1066E-08
Ti50 5.2443E-09 4.5039E-09 1.0802E-08 4.0121E-08
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 1.2095E-11 1.0314E-11 2.4951E-11 9.2682E-11
V51 4.9227E-09 4.1988E-09 1.0155E-08 3.7719E-08
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 1.0781E-08 9.1932E-09 2.2240E-08 8.2612E-08
Cr51 4.9849E-27 4.0817E-27 3.6805E-28 1.0277E-27
Cr52 2.1623E-07 1.8439E-07 4.4602E-07 1.6568E-06
Cr53 2.4989E-08 2.1310E-08 5.1549E-08 1.9148E-07
Cr54 6.3441E-09 5.4166E-09 1.3076E-08 4.8563E-08
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.6830E-07 1.4352E-07 3.4717E-07 1.2895E-06
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 1.1347E-06 9.6759E-07 2.3407E-06 8.6949E-06
Fe55 8.1364E-20 1.0153E-18 2.1678E-18 4.0721E-21
Fe56 1.8473E-05 1.5752E-05 3.8105E-05 1.4154E-04
Fe57 4.3433E-07 3.7044E-07 8.9583E-07 3.3273E-06
Fe58 5.9112E-08 5.0658E-08 1.2138E-07 4.5057E-07
Fe59 0.0000E+00 0.0000E+00 0.0000E+00 2.6162E-36
Fe60 5.4830E-16 2.3601E-15 3.4265E-17 1.9202E-35
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 6.5624E-08 5.6038E-08 1.3522E-07 5.0227E-07
Co60 1.0610E-21 4.5673E-21 6.6239E-23 4.6945E-34
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 7.4494E-07 6.3525E-07 1.5367E-06 5.7084E-06
Ni59 4.6947E-12 4.7200E-12 6.6016E-12 3.6458E-20
Ni60 2.9694E-07 2.5334E-07 6.1239E-07 2.2746E-06
Ni61 1.3153E-08 1.1257E-08 2.7069E-08 1.0053E-07
Ni62 4.2587E-08 3.6424E-08 8.7710E-08 3.2578E-07
Ni63 2.0395E-30 4.2034E-35 2.9715E-41 1.0548E-32
Ni64 1.1217E-08 9.6733E-09 2.3057E-08 8.5642E-08
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 7.7176E-09 6.6530E-09 1.5831E-08 5.8795E-08
Cu64 0.0000E+00 0.0000E+00 0.0000E+00 4.8971E-38
Cu65 3.5721E-09 3.1552E-09 7.2800E-09 2.7038E-08
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 1.2871E-08 1.1021E-08 2.6502E-08 9.8438E-08
Zn65 1.1068E-28 1.0745E-31 9.2451E-39 2.1673E-32
Zn66 7.6288E-09 6.5884E-09 1.5679E-08 5.8241E-08
Zn67 1.1394E-09 9.8918E-10 2.3391E-09 8.6885E-09
Zn68 5.2902E-09 4.6224E-09 1.0857E-08 4.0326E-08
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 1.7914E-10 1.5276E-10 3.6954E-10 1.3727E-09
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 5.2187E-10 4.6497E-10 1.0665E-09 3.9615E-09
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 3.5650E-10 3.2094E-10 7.2835E-10 2.7053E-09
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 7.4713E-10 6.6578E-10 1.5282E-09 5.6764E-09
Ge71 0.0000E+00 0.0000E+00 0.0000E+00 5.5749E-38
Ge72 1.0124E-09 8.9317E-10 2.0772E-09 7.7158E-09
Ge73 2.8796E-10 2.5346E-10 5.9114E-10 2.1958E-09
Ge74 1.3707E-09 1.2174E-09 2.8124E-09 1.0447E-08
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Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 2.9370E-10 2.5045E-10 6.0586E-10 2.2505E-09
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 1.7082E-10 1.5035E-10 3.5093E-10 1.3036E-09
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 1.6379E-11 1.3967E-11 3.3790E-11 1.2552E-10
Se75 0.0000E+00 0.0000E+00 0.0000E+00 4.4981E-38
Se76 1.7875E-10 1.6391E-10 3.6537E-10 1.3572E-09
Se77 1.4674E-10 1.2955E-10 3.0144E-10 1.1197E-09
Se78 4.6435E-10 4.2221E-10 9.5131E-10 3.5335E-09
Se79 2.7835E-17 2.4777E-16 1.8579E-19 4.1407E-24
Se80 9.8720E-10 8.4250E-10 2.0363E-09 7.5638E-09
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.7804E-10 1.5184E-10 3.6728E-10 1.3643E-09
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.5817E-10 1.3751E-10 3.2563E-10 1.2095E-09
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 1.5768E-10 1.3642E-10 3.2477E-10 1.2065E-09
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 5.7080E-12 4.8675E-12 1.1775E-11 4.3741E-11
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 3.8153E-11 3.7256E-11 7.7612E-11 2.8826E-10
Kr81 1.1450E-13 1.1767E-12 1.8105E-15 1.2815E-23
Kr82 1.9524E-10 1.8503E-10 3.9861E-10 1.4805E-09
Kr83 1.9413E-10 1.6966E-10 3.9966E-10 1.4845E-09
Kr84 9.6832E-10 8.4915E-10 1.9934E-09 7.4045E-09
Kr85 1.0280E-47 3.9601E-48 0.0000E+00 2.0458E-35
Kr86 2.9920E-10 2.5518E-10 6.1717E-10 2.2925E-09
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 2.2713E-10 1.9889E-10 4.6763E-10 1.7371E-09
Rb86 0.0000E+00 0.0000E+00 0.0000E+00 1.0090E-37
Rb87 9.5461E-11 8.1416E-11 1.9695E-10 7.3160E-10
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 3.9500E-12 3.3683E-12 8.1486E-12 3.0268E-11
Sr85 0.0000E+00 0.0000E+00 0.0000E+00 6.1437E-39
Sr86 7.2735E-11 7.6974E-11 1.4756E-10 5.4802E-10
Sr87 5.1262E-11 5.2596E-11 1.0435E-10 3.8754E-10
Sr88 6.1611E-10 5.7568E-10 1.2649E-09 4.6984E-09
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Sr89 0.0000E+00 0.0000E+00 0.0000E+00 1.1184E-38
Sr90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 1.6456E-10 1.4989E-10 3.3851E-10 1.2574E-09
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 2.0043E-10 1.7720E-10 4.1288E-10 1.5336E-09
Zr91 4.4186E-11 3.8926E-11 9.1037E-11 3.3816E-10
Zr92 6.8279E-11 6.0070E-11 1.4068E-10 5.2256E-10
Zr93 2.1476E-14 4.6308E-13 1.0292E-15 6.5305E-24
Zr94 7.0677E-11 6.1527E-11 1.4567E-10 5.4108E-10
Zr95 0.0000E+00 0.0000E+00 0.0000E+00 1.1121E-38
Zr96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 3.0494E-11 2.6079E-11 6.2899E-11 2.3365E-10
Nb94 7.0527E-27 2.0765E-26 5.8699E-28 1.8837E-28
Nb95 0.0000E+00 0.0000E+00 0.0000E+00 6.0696E-39
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 1.1524E-11 9.8268E-12 2.3773E-11 8.8306E-11
Mo93 1.1338E-23 1.6957E-24 5.0312E-27 2.8567E-30
Mo94 7.4191E-12 6.3328E-12 1.5303E-11 5.6844E-11
Mo95 1.2981E-11 1.1181E-11 2.6767E-11 9.9427E-11
Mo96 2.5432E-11 2.1909E-11 5.2441E-11 1.9479E-10
Mo97 8.0342E-12 6.9325E-12 1.6565E-11 6.1529E-11
Mo98 2.0627E-11 1.7827E-11 4.2525E-11 1.5796E-10
Xe132 6.9166E-11 5.9364E-11 1.4264E-10 5.2983E-10
Xe133 0.0000E+00 0.0000E+00 0.0000E+00 1.9967E-39
Xe134 2.5917E-11 2.2101E-11 5.3464E-11 1.9859E-10
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 1.8181E-11 1.5550E-11 3.7499E-11 1.3930E-10
Cs134 0.0000E+00 0.0000E+00 0.0000E+00 6.2587E-37
Cs135 7.8535E-17 9.4324E-17 5.9655E-17 1.1746E-24
Cs136 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs137 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 5.5831E-12 4.8985E-12 1.1498E-11 4.2703E-11
Ba135 1.5315E-11 1.3102E-11 3.1588E-11 1.1734E-10
Ba136 1.8399E-11 1.5944E-11 3.7917E-11 1.4083E-10
Ba137 2.6492E-11 2.2760E-11 5.4621E-11 2.0289E-10
Ba138 1.7034E-10 1.4579E-10 3.5122E-10 1.3046E-09
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.7974E-14 1.5328E-14 3.7076E-14 1.3772E-13
La139 1.9884E-11 1.6999E-11 4.1001E-11 1.5230E-10
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 5.3538E-11 4.5704E-11 1.1041E-10 4.1012E-10
Ce141 0.0000E+00 0.0000E+00 0.0000E+00 1.3131E-39
Pr141 8.4134E-12 7.1781E-12 1.7354E-11 6.4462E-11
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 1.1487E-11 9.8052E-12 2.3689E-11 8.7992E-11
Nd143 5.1413E-12 4.3854E-12 1.0605E-11 3.9394E-11
Nd144 1.0219E-11 8.7177E-12 2.1078E-11 7.8293E-11
Hg202 1.0145E-11 8.6566E-12 2.0923E-11 7.7719E-11
Hg203 0.0000E+00 0.0000E+00 0.0000E+00 2.4887E-39
Hg204 2.3566E-12 2.0096E-12 4.8614E-12 1.8058E-11
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 5.4131E-12 4.6179E-12 1.1165E-11 4.1472E-11
Tl204 0.0000E+00 0.0000E+00 0.0000E+00 9.5695E-38
Tl205 1.3049E-11 1.1132E-11 2.6914E-11 9.9972E-11
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 2.6063E-12 2.2254E-12 5.3728E-12 1.9957E-11
Pb205 1.3539E-23 2.2908E-23 5.0121E-24 9.2670E-26
Pb206 2.4478E-11 2.0885E-11 5.0485E-11 1.8751E-10
Pb207 2.7218E-11 2.3218E-11 5.6134E-11 2.0852E-10
Pb208 7.8274E-11 6.6766E-11 1.6145E-10 5.9972E-10
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 1.0614E-11 9.0515E-12 2.1894E-11 8.1326E-11
v=0 km/s - [Fe/H]=-3
H 1.6018E-02 3.5824E-02 1.5636E-01 2.7533E-01
H2 5.9895E-07 1.3630E-06 5.9452E-06 7.4404E-06
H3 1.2466E-30 2.5392E-28 4.9491E-19 6.0009E-17
He3 6.6690E-07 1.4815E-06 6.6781E-06 1.6164E-05
He4 5.0614E-03 1.1329E-02 4.9386E-02 8.7070E-02
Li6 2.7146E-12 6.1778E-12 2.6950E-11 3.3732E-11
Li7 3.8560E-11 8.7752E-11 3.8281E-10 4.7918E-10
Be7 3.4817E-27 5.6491E-25 1.4556E-20 1.4612E-19
Be9 3.2324E-15 7.3558E-15 3.2109E-14 4.0188E-14
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 1.4939E-14 3.3984E-14 1.5106E-13 2.1432E-13
B11 6.6701E-14 1.5113E-13 6.7170E-13 1.1825E-12
C12 9.0003E-08 2.0285E-07 8.9749E-07 1.5795E-06
C13 1.1781E-09 2.5744E-09 1.1020E-08 1.9382E-08
C14 1.0764E-32 1.6772E-31 1.9600E-32 1.1014E-30
N13 0.0000E+00 0.0000E+00 1.2798E-31 5.1725E-30
N14 1.8905E-08 4.0560E-08 1.4900E-07 2.7124E-07
N15 3.5004E-11 7.9080E-11 3.5016E-10 6.1650E-10
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 4.7329E-43 1.8461E-42 8.9659E-36 6.7351E-35
O16 4.2846E-07 9.5855E-07 4.1985E-06 7.3875E-06
O17 2.9212E-10 5.4778E-10 1.8075E-09 3.0563E-09
O18 9.4888E-10 2.1363E-09 9.4435E-09 1.6618E-08
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F18 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F19 1.0610E-11 2.3761E-11 1.0435E-10 1.8357E-10
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 2.4537E-08 5.4872E-08 2.3960E-07 4.2184E-07
Ne21 6.2045E-11 1.3871E-10 6.0329E-10 1.0626E-09
Ne22 1.9598E-09 4.3961E-09 1.9347E-08 3.4040E-08
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na23 6.6057E-10 1.4799E-09 6.1136E-09 1.0875E-08
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 2.0828E-08 4.6603E-08 2.0328E-07 3.5829E-07
Mg25 2.7396E-09 6.1251E-09 2.6795E-08 4.7147E-08
Mg26 3.1438E-09 7.0234E-09 3.0686E-08 5.4000E-08
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 1.7531E-15 4.7508E-15 1.1539E-14 1.5824E-12
Alg6 1.7531E-15 4.7508E-15 1.1539E-14 1.5824E-12
Alm6 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al27 1.1867E-09 2.6578E-09 1.1536E-08 2.0337E-08
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 3.3332E-08 7.4565E-08 3.2533E-07 5.7310E-07
Si29 1.7528E-09 3.9207E-09 1.7109E-08 3.0129E-08
Si30 1.1954E-09 2.6743E-09 1.1668E-08 2.0559E-08
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 1.2365E-10 2.7659E-10 1.2068E-09 2.1259E-09
P32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 1.3911E-08 3.1118E-08 1.3578E-07 2.3917E-07
S33 1.1485E-10 2.5692E-10 1.1210E-09 1.9746E-09
S34 6.6796E-10 1.4942E-09 6.5196E-09 1.1484E-08
S35 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S36 3.2972E-12 7.3756E-12 3.2183E-11 5.6687E-11
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 1.3015E-10 2.9113E-10 1.2703E-09 2.2376E-09
Cl36 6.2036E-31 1.8207E-30 7.9867E-31 7.5936E-30
Cl37 4.3974E-11 9.8364E-11 4.2920E-10 7.5603E-10
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 2.6574E-09 5.9443E-09 2.5937E-08 4.5687E-08
Ar37 5.4254E-34 3.2682E-33 2.5035E-33 7.1926E-32
Ar38 5.1001E-10 1.1408E-09 4.9780E-09 8.7683E-09
Ar39 0.0000E+00 0.0000E+00 0.0000E+00 4.1539E-41
Ar40 8.5862E-13 1.9207E-12 8.3808E-12 1.4762E-11
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 6.0391E-11 1.3509E-10 5.8946E-10 1.0383E-09
K40 9.7729E-14 2.1865E-13 9.5419E-13 1.6789E-12
K41 4.5817E-12 1.0249E-11 4.4719E-11 7.8772E-11
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 2.9471E-09 6.5921E-09 2.8763E-08 5.0667E-08
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ca41 7.0915E-27 1.3959E-26 6.6178E-27 2.6916E-25
Ca42 2.0652E-11 4.6198E-11 2.0158E-10 3.5507E-10
Ca43 4.4119E-12 9.8689E-12 4.3062E-11 7.5852E-11
Ca44 6.9756E-11 1.5604E-10 6.8085E-10 1.1993E-09
Ca45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca46 1.3984E-13 3.1281E-13 1.3649E-12 2.4042E-12
Ca47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca48 6.8218E-12 1.5260E-11 6.6584E-11 1.1728E-10
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 9.8633E-13 2.2064E-12 9.6272E-12 1.6958E-11
Sc46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 1.0472E-11 2.3425E-11 1.0221E-10 1.8004E-10
Ti47 9.6489E-12 2.1584E-11 9.4180E-11 1.6589E-10
Ti48 9.7642E-11 2.1842E-10 9.5304E-10 1.6787E-09
Ti49 7.3148E-12 1.6363E-11 7.1397E-11 1.2576E-10
Ti50 7.1469E-12 1.5987E-11 6.9756E-11 1.2287E-10
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 1.6509E-14 3.6930E-14 1.6114E-13 2.8384E-13
V51 6.7189E-12 1.5030E-11 6.5579E-11 1.1552E-10
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 1.4715E-11 3.2917E-11 1.4363E-10 2.5300E-10
Cr51 5.9051E-35 3.4454E-34 2.4483E-34 6.2516E-33
Cr52 2.9513E-10 6.6016E-10 2.8805E-09 5.0740E-09
Cr53 3.4108E-11 7.6298E-11 3.3291E-10 5.8640E-10
Cr54 8.6504E-12 1.9350E-11 8.4433E-11 1.4872E-10
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 2.2971E-10 5.1383E-10 2.2420E-09 3.9493E-09
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 1.5488E-09 3.4645E-09 1.5117E-08 2.6628E-08
Fe55 2.5511E-30 7.0926E-30 5.2866E-30 4.6882E-29
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Fe56 2.5212E-08 5.6402E-08 2.4609E-07 4.3347E-07
Fe57 5.9268E-10 1.3258E-09 5.7848E-09 1.0190E-08
Fe58 8.0259E-11 1.7953E-10 7.8337E-10 1.3799E-09
Fe59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 8.9466E-11 2.0013E-10 8.7324E-10 1.5382E-09
Co60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 1.0168E-09 2.2745E-09 9.9247E-09 1.7482E-08
Ni59 8.2418E-27 1.6100E-26 7.4199E-27 3.0069E-25
Ni60 4.0519E-10 9.0638E-10 3.9547E-09 6.9662E-09
Ni61 1.7906E-11 4.0056E-11 1.7478E-10 3.0786E-10
Ni62 5.8028E-11 1.2981E-10 5.6640E-10 9.9770E-10
Ni63 0.0000E+00 0.0000E+00 0.0000E+00 1.4464E-47
Ni64 1.5255E-11 3.4125E-11 1.4890E-10 2.6228E-10
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 1.0473E-11 2.3427E-11 1.0222E-10 1.8006E-10
Cu64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu65 4.8161E-12 1.0773E-11 4.7009E-11 8.2803E-11
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 1.7535E-11 3.9224E-11 1.7115E-10 3.0147E-10
Zn65 0.0000E+00 9.6279E-46 0.0000E+00 2.4472E-38
Zn66 1.0374E-11 2.3207E-11 1.0126E-10 1.7836E-10
Zn67 1.5476E-12 3.4620E-12 1.5106E-11 2.6608E-11
Zn68 7.1833E-12 1.6068E-11 7.0112E-11 1.2350E-10
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 2.4451E-13 5.4698E-13 2.3866E-12 4.2039E-12
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 7.0566E-13 1.5785E-12 6.8875E-12 1.2132E-11
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 4.8190E-13 1.0780E-12 4.7035E-12 8.2851E-12
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 1.0111E-12 2.2619E-12 9.8693E-12 1.7384E-11
Ge71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge72 1.3744E-12 3.0744E-12 1.3415E-11 2.3629E-11
Ge73 3.9113E-13 8.7493E-13 3.8176E-12 6.7246E-12
Ge74 1.8608E-12 4.1626E-12 1.8163E-11 3.1993E-11
Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 4.0088E-13 8.9673E-13 3.9127E-12 6.8923E-12
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 2.3220E-13 5.1943E-13 2.2665E-12 3.9924E-12
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 2.2357E-14 5.0013E-14 2.1823E-13 3.8439E-13
Se75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se76 2.4175E-13 5.4076E-13 2.3596E-12 4.1565E-12
Se77 1.9945E-13 4.4615E-13 1.9467E-12 3.4290E-12
Se78 6.2941E-13 1.4080E-12 6.1435E-12 1.0821E-11
Se79 1.8193E-33 7.3586E-33 1.1601E-33 2.6478E-32
Se80 1.3473E-12 3.0139E-12 1.3151E-11 2.3164E-11
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 2.4301E-13 5.4363E-13 2.3719E-12 4.1782E-12
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 2.1545E-13 4.8196E-13 2.1031E-12 3.7044E-12
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 2.1490E-13 4.8073E-13 2.0975E-12 3.6946E-12
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 7.7913E-15 1.7429E-14 7.6048E-14 1.3396E-13
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 5.1346E-14 1.1486E-13 5.0117E-13 8.8280E-13
Kr81 6.1513E-33 1.9015E-32 6.9478E-33 7.1289E-32
Kr82 2.6372E-13 5.8991E-13 2.5741E-12 4.5339E-12
Kr83 2.6443E-13 5.9151E-13 2.5811E-12 4.5462E-12
Kr84 1.3190E-12 2.9504E-12 1.2874E-11 2.2676E-11
Kr85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr86 4.0837E-13 9.1345E-13 3.9858E-12 7.0209E-12
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 3.0941E-13 6.9212E-13 3.0201E-12 5.3196E-12
Rb86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb87 1.3033E-13 2.9155E-13 1.2721E-12 2.2407E-12
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 5.3917E-15 1.2061E-14 5.2625E-14 9.2699E-14
Sr85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr86 9.7617E-14 2.1837E-13 9.5279E-13 1.6783E-12
Sr87 6.9015E-14 1.5438E-13 6.7362E-13 1.1866E-12
Sr88 8.3693E-13 1.8721E-12 8.1689E-12 1.4389E-11
Sr89 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 2.2397E-13 5.0103E-13 2.1860E-12 3.8508E-12
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 2.7318E-13 6.1105E-13 2.6664E-12 4.6965E-12
Zr91 6.0235E-14 1.3474E-13 5.8793E-13 1.0356E-12
Zr92 9.3081E-14 2.0822E-13 9.0853E-13 1.6003E-12
Zr93 6.8214E-32 1.5619E-31 1.2940E-31 9.7904E-30
Zr94 9.6380E-14 2.1560E-13 9.4073E-13 1.6570E-12
Zr95 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr96 1.5148E-14 3.4472E-14 1.5036E-13 1.8817E-13
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 4.1619E-14 9.3101E-14 4.0622E-13 7.1557E-13
Nb94 3.2875E-35 2.4402E-34 3.1973E-35 1.1774E-33
Nb95 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 1.5730E-14 3.5186E-14 1.5353E-13 2.7043E-13
Mo93 1.8295E-39 4.1509E-38 4.5341E-39 9.2964E-37
Mo94 1.0125E-14 2.2650E-14 9.8829E-14 1.7408E-13
Mo95 1.7711E-14 3.9618E-14 1.7287E-13 3.0450E-13
Mo96 1.9549E-14 4.3144E-14 1.8831E-13 4.0837E-13
Mo97 1.0960E-14 2.4517E-14 1.0698E-13 1.8843E-13
Mo98 2.8137E-14 6.2941E-14 2.7462E-13 4.8374E-13
Xe132 9.4377E-14 2.1111E-13 9.2117E-13 1.6226E-12
Xe133 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Xe134 3.5375E-14 7.9132E-14 3.4528E-13 6.0820E-13
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 2.4812E-14 5.5503E-14 2.4218E-13 4.2659E-13
Cs134 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs135 3.8219E-32 8.9377E-32 6.5915E-32 4.1326E-30
Cs136 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Cs137 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 7.6066E-15 1.7016E-14 7.4244E-14 1.3078E-13
Ba135 2.0901E-14 4.6754E-14 2.0400E-13 3.5934E-13
Ba136 2.5086E-14 5.6119E-14 2.4485E-13 4.3130E-13
Ba137 3.6140E-14 8.0841E-14 3.5275E-13 6.2135E-13
Ba138 2.3239E-13 5.1981E-13 2.2682E-12 3.9953E-12
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 2.4533E-17 5.4876E-17 2.3944E-16 4.2177E-16
La139 2.7129E-14 6.0686E-14 2.6478E-13 4.6643E-13
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 7.3053E-14 1.6341E-13 7.1304E-13 1.2560E-12
Ce141 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pr141 1.1482E-14 2.5685E-14 1.1207E-13 1.9741E-13
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 1.5674E-14 3.5061E-14 1.5298E-13 2.6947E-13
Nd143 7.0173E-15 1.5697E-14 6.8492E-14 1.2064E-13
Nd144 1.3946E-14 3.1197E-14 1.3612E-13 2.3977E-13
Hg202 1.3844E-14 3.0967E-14 1.3512E-13 2.3801E-13
Hg203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Hg204 3.2166E-15 7.1952E-15 3.1397E-14 5.5304E-14
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 7.3874E-15 1.6525E-14 7.2103E-14 1.2701E-13
Tl204 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl205 1.7808E-14 3.9834E-14 1.7381E-13 3.0616E-13
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 3.5549E-15 7.9518E-15 3.4697E-14 6.1117E-14
Pb205 1.2621E-31 2.0154E-31 9.2627E-32 3.0589E-31
Pb206 3.3401E-14 7.4716E-14 3.2601E-13 5.7426E-13
Pb207 3.7142E-14 8.3087E-14 3.6253E-13 6.3859E-13
Pb208 1.0683E-13 2.3896E-13 1.0427E-12 1.8366E-12
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 1.4486E-14 3.2405E-14 1.4139E-13 2.4906E-13
v=150 km/s - [Fe/H]=-3
H 9.0630E-01 1.2626E+00 1.3170E+00 1.4990E+00
H2 4.0667E-17 2.1019E-16 3.4311E-14 4.4332E-13
H3 1.9103E-24 3.5869E-22 1.1219E-18 6.0629E-17
He3 2.7185E-05 3.7842E-05 3.2154E-05 3.2710E-05
He4 3.4354E-01 4.9350E-01 5.1982E-01 6.3008E-01
Li6 1.1273E-13 3.9435E-13 2.1200E-13 4.1551E-13
Li7 1.9784E-12 6.2331E-12 3.6522E-12 6.7625E-12
Be7 3.6003E-17 3.7554E-17 5.3749E-17 9.5910E-17
Be9 2.0650E-16 5.8814E-16 3.7538E-16 6.0418E-16
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 1.2071E-15 3.1067E-15 2.1353E-15 3.1275E-15
B11 1.4640E-13 2.6644E-13 1.5370E-13 1.3509E-13
C12 1.6472E-06 2.4282E-06 2.7771E-06 4.9784E-06
C13 1.9127E-07 2.5121E-07 4.2075E-07 1.0125E-06
C14 4.6527E-12 9.5576E-14 4.3986E-12 7.7173E-15
N13 1.2984E-31 3.4971E-31 3.4617E-27 1.1710E-26
N14 1.7716E-05 1.9874E-05 5.6146E-05 2.7627E-04
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
N15 6.0649E-10 8.0144E-10 1.4086E-09 5.8233E-09
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 1.5350E-33 6.0500E-33 8.8170E-29 4.4907E-28
O16 2.1535E-05 2.9610E-05 4.0676E-05 1.1372E-04
O17 1.1799E-07 1.5346E-07 1.3608E-07 2.4236E-07
O18 1.8997E-08 2.8914E-08 2.6529E-08 2.9105E-08
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 8.1647E-37 4.2882E-36 1.8722E-31 9.5895E-31
F18 6.4358E-38 3.4778E-37 1.3747E-32 7.0281E-32
F19 4.4271E-10 6.2475E-10 6.3542E-10 7.2585E-10
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 1.3362E-06 1.8820E-06 1.9249E-06 2.2190E-06
Ne21 3.4023E-09 4.7111E-09 4.6174E-09 5.8220E-09
Ne22 7.1563E-08 1.0236E-07 1.1065E-07 1.7297E-07
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 4.2350E-23 4.4442E-34 4.4302E-21 7.2764E-24
Na23 1.8391E-07 2.2252E-07 2.4185E-07 2.4720E-07
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 1.2960E-06 1.8525E-06 1.9731E-06 2.3723E-06
Mg25 1.2722E-07 1.8494E-07 1.8046E-07 2.1101E-07
Mg26 1.5492E-07 2.1721E-07 2.1825E-07 2.4818E-07
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 2.9420E-11 1.6985E-10 4.7590E-10 9.6317E-10
Alg6 2.9420E-11 1.6985E-10 4.7590E-10 9.6317E-10
Alm6 5.9650E-51 9.7828E-49 5.3540E-42 2.1314E-41
Al27 1.0349E-07 1.2882E-07 1.6378E-07 1.7849E-07
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 1.9922E-06 2.8075E-06 2.9498E-06 3.4585E-06
Si29 1.0239E-07 1.4265E-07 1.4688E-07 1.6596E-07
Si30 7.2430E-08 1.0302E-07 1.1017E-07 1.3216E-07
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 7.3759E-09 1.0375E-08 1.0858E-08 1.2620E-08
P32 1.5454E-47 1.1383E-46 2.1364E-44 7.7096E-44
P33 0.0000E+00 0.0000E+00 2.1336E-49 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 8.2482E-07 1.1589E-06 1.2122E-06 1.4053E-06
S33 6.8101E-09 9.5683E-09 1.0010E-08 1.1614E-08
S34 3.9604E-08 5.5646E-08 5.8206E-08 6.7476E-08
S35 5.9345E-43 1.8609E-45 7.3450E-36 1.1230E-42
S36 1.9550E-10 2.7469E-10 2.8732E-10 3.3307E-10
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 7.7166E-09 1.0842E-08 1.1341E-08 1.3147E-08
Cl36 1.5203E-14 3.6007E-15 2.4281E-14 1.8947E-13
Cl37 2.6076E-09 3.6636E-09 3.8330E-09 4.4511E-09
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 1.5756E-07 2.2139E-07 2.3157E-07 2.6843E-07
Ar37 1.3159E-20 6.6983E-20 9.4228E-20 6.3596E-22
Ar38 3.0239E-08 4.2487E-08 4.4441E-08 5.1518E-08
Ar39 5.5227E-20 3.1057E-20 8.0574E-20 7.6598E-25
Ar40 5.0910E-11 7.1532E-11 7.4821E-11 8.6735E-11
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 3.5807E-09 5.0311E-09 5.2625E-09 6.1008E-09
K40 5.7489E-12 8.0820E-12 8.5023E-12 1.0067E-11
K41 2.7167E-10 3.8171E-10 3.9926E-10 4.6296E-10
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 1.7473E-07 2.4550E-07 2.5681E-07 2.9769E-07
Ca41 2.1054E-13 9.6305E-14 6.5726E-13 4.7399E-12
Ca42 1.2246E-09 1.7205E-09 1.7998E-09 2.0880E-09
Ca43 2.6159E-10 3.6754E-10 3.8446E-10 4.4586E-10
Ca44 4.1359E-09 5.8113E-09 6.0785E-09 7.0464E-09
Ca45 6.3084E-40 1.0115E-44 1.7667E-33 5.8284E-42
Ca46 8.2913E-12 1.1650E-11 1.2185E-11 1.4126E-11
Ca47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca48 4.0447E-10 5.6831E-10 5.9444E-10 6.8911E-10
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 5.8486E-11 8.2172E-11 8.5962E-11 9.9737E-11
Sc46 8.4559E-43 1.5080E-45 1.2624E-35 9.4543E-43
Sc47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 6.2090E-10 8.7240E-10 9.1250E-10 1.0579E-09
Ti47 5.7210E-10 8.0384E-10 8.4079E-10 9.7460E-10
Ti48 5.7893E-09 8.1345E-09 8.5084E-09 9.8627E-09
Ti49 4.3374E-10 6.0941E-10 6.3751E-10 7.3965E-10
Ti50 4.2376E-10 5.9539E-10 6.2280E-10 7.2223E-10
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 9.7883E-13 1.3754E-12 1.4386E-12 1.6675E-12
V51 3.9837E-10 5.5974E-10 5.8547E-10 6.7874E-10
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 8.7248E-10 1.2259E-09 1.2822E-09 1.4863E-09
Cr51 1.4317E-21 3.9463E-21 1.4240E-20 7.4389E-23
Cr52 1.7499E-08 2.4586E-08 2.5717E-08 2.9812E-08
Cr53 2.0224E-09 2.8416E-09 2.9722E-09 3.4452E-09
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Cr54 5.1293E-10 7.2067E-10 7.5390E-10 8.7468E-10
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 1.3620E-08 1.9136E-08 2.0017E-08 2.3212E-08
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 9.1829E-08 1.2903E-07 1.3496E-07 1.5644E-07
Fe55 1.2195E-14 4.9427E-15 8.2556E-15 2.7806E-16
Fe56 1.4949E-06 2.1005E-06 2.1970E-06 2.5469E-06
Fe57 3.5141E-08 4.9377E-08 5.1650E-08 5.9907E-08
Fe58 4.7599E-09 6.6866E-09 6.9969E-09 8.1374E-09
Fe59 1.1047E-44 1.0215E-44 1.3580E-36 6.2669E-42
Fe60 2.0059E-17 3.5925E-19 2.9092E-19 4.3014E-18
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 5.3047E-09 7.4535E-09 7.7962E-09 9.0402E-09
Co60 3.8834E-23 6.9521E-25 5.6328E-25 8.3163E-24
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 6.0288E-08 8.4709E-08 8.8602E-08 1.0271E-07
Ni59 1.5183E-13 9.3146E-14 5.5680E-13 3.5816E-12
Ni60 2.4024E-08 3.3754E-08 3.5306E-08 4.0931E-08
Ni61 1.0618E-09 1.4918E-09 1.5607E-09 1.8113E-09
Ni62 3.4408E-09 4.8344E-09 5.0568E-09 5.8640E-09
Ni63 9.4119E-22 2.8354E-22 1.3869E-21 9.5441E-27
Ni64 9.0452E-10 1.2709E-09 1.3293E-09 1.5412E-09
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 6.2103E-10 8.7251E-10 9.1271E-10 1.0588E-09
Cu64 2.7779E-47 1.8286E-46 2.6423E-44 1.0652E-43
Cu65 2.8559E-10 4.0124E-10 4.1971E-10 4.8685E-10
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 1.0397E-09 1.4608E-09 1.5280E-09 1.7714E-09
Zn65 5.5917E-22 1.4391E-21 1.2959E-21 8.9529E-25
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Zn66 6.1511E-10 8.6427E-10 9.0400E-10 1.0480E-09
Zn67 9.1764E-11 1.2893E-10 1.3486E-10 1.5636E-10
Zn68 4.2592E-10 5.9843E-10 6.2596E-10 7.2568E-10
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 1.4498E-11 2.0371E-11 2.1307E-11 2.4698E-11
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 4.1841E-11 5.8788E-11 6.1494E-11 7.1301E-11
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 2.8574E-11 4.0146E-11 4.1993E-11 4.8690E-11
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 5.9953E-11 8.4237E-11 8.8111E-11 1.0216E-10
Ge71 2.6580E-47 1.8611E-46 2.9446E-44 1.1512E-43
Ge72 8.1490E-11 1.1450E-10 1.1976E-10 1.3884E-10
Ge73 2.3191E-11 3.2585E-11 3.4083E-11 3.9511E-11
Ge74 1.1033E-10 1.5503E-10 1.6215E-10 1.8799E-10
Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 2.3769E-11 3.3396E-11 3.4931E-11 4.0492E-11
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 1.3768E-11 1.9345E-11 2.0234E-11 2.3457E-11
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 1.3256E-12 1.8625E-12 1.9481E-12 2.2579E-12
Se75 2.9724E-43 6.0120E-47 1.4057E-36 7.6131E-44
Se76 1.4334E-11 2.0141E-11 2.1066E-11 2.4426E-11
Se77 1.1826E-11 1.6616E-11 1.7380E-11 2.0147E-11
Se78 3.7320E-11 5.2436E-11 5.4848E-11 6.3591E-11
Se79 9.0377E-17 1.0623E-17 1.4843E-17 3.4320E-18
Se80 7.9885E-11 1.1224E-10 1.1740E-10 1.3609E-10
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 1.4409E-11 2.0246E-11 2.1176E-11 2.4547E-11
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 1.2774E-11 1.7949E-11 1.8774E-11 2.1761E-11
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Br81 1.2742E-11 1.7904E-11 1.8726E-11 2.1708E-11
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 4.6195E-13 6.4909E-13 6.7890E-13 7.8689E-13
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 3.0446E-12 4.2779E-12 4.4750E-12 5.1914E-12
Kr81 1.0546E-16 6.1985E-17 3.0323E-16 1.6845E-15
Kr82 1.5637E-11 2.1971E-11 2.2982E-11 2.6653E-11
Kr83 1.5679E-11 2.2030E-11 2.3043E-11 2.6711E-11
Kr84 7.8202E-11 1.0988E-10 1.1493E-10 1.3324E-10
Kr85 7.8192E-33 8.0612E-42 5.2125E-29 5.3062E-35
Kr86 2.4212E-11 3.4019E-11 3.5584E-11 4.1251E-11
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 1.8346E-11 2.5776E-11 2.6961E-11 3.1256E-11
Rb86 4.8646E-47 3.4248E-46 1.1439E-43 2.0730E-43
Rb87 7.7255E-12 1.0856E-11 1.1355E-11 1.3164E-11
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 3.1967E-13 4.4918E-13 4.6980E-13 5.4453E-13
Sr85 1.1115E-46 0.0000E+00 3.1425E-39 7.2536E-45
Sr86 5.7886E-12 8.1329E-12 8.5084E-12 9.8738E-12
Sr87 4.0943E-12 5.7520E-12 6.0162E-12 6.9782E-12
Sr88 4.9623E-11 6.9723E-11 7.2929E-11 8.4550E-11
Sr89 3.2134E-47 6.7544E-48 2.9444E-39 1.7528E-44
Sr90 4.0929E-37 9.9282E-39 4.5784E-34 5.5586E-41
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 1.3280E-11 1.8659E-11 1.9518E-11 2.2626E-11
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 1.6197E-11 2.2757E-11 2.3805E-11 2.7595E-11
Zr91 3.5713E-12 5.0181E-12 5.2487E-12 6.0848E-12
Zr92 5.5190E-12 7.7545E-12 8.1111E-12 9.4031E-12
Zr93 3.1893E-17 1.4730E-17 8.2114E-17 5.2892E-16
Zr94 5.7145E-12 8.0293E-12 8.3985E-12 9.7358E-12
Zr95 3.7008E-46 4.3615E-48 1.2245E-38 1.6388E-44
Zr96 2.9678E-43 0.0000E+00 1.0233E-36 7.4038E-45
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 2.4676E-12 3.4673E-12 3.6265E-12 4.2034E-12
Nb94 1.1105E-26 7.4427E-27 8.3677E-26 2.4615E-26
Nb95 4.4526E-46 0.0000E+00 1.4690E-38 5.5688E-45
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 9.3262E-13 1.3104E-12 1.3706E-12 1.5887E-12
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Mo93 4.4026E-19 1.3770E-19 2.1832E-19 1.3547E-20
Mo94 6.0038E-13 8.4355E-13 8.8240E-13 1.0231E-12
Mo95 1.0501E-12 1.4754E-12 1.5433E-12 1.7890E-12
Mo96 2.0572E-12 2.8906E-12 3.0234E-12 3.5051E-12
Mo97 6.4984E-13 9.1307E-13 9.5505E-13 1.1072E-12
Mo98 1.6683E-12 2.3441E-12 2.4518E-12 2.8425E-12
Xe132 5.5957E-12 7.8623E-12 8.2238E-12 9.5333E-12
Xe133 0.0000E+00 7.7720E-49 8.3928E-46 3.1043E-45
Xe134 2.0974E-12 2.9471E-12 3.0826E-12 3.5732E-12
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 1.4712E-12 2.0671E-12 2.1621E-12 2.5060E-12
Cs134 1.4202E-37 9.9722E-46 9.3350E-33 2.4409E-42
Cs135 3.0771E-18 1.6572E-18 5.8839E-18 2.6915E-17
Cs136 0.0000E+00 0.0000E+00 8.7854E-50 0.0000E+00
Cs137 2.0565E-38 1.2754E-39 3.7439E-35 3.1407E-42
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 4.5106E-13 6.3373E-13 6.6296E-13 7.6908E-13
Ba135 1.2392E-12 1.7412E-12 1.8212E-12 2.1111E-12
Ba136 1.4875E-12 2.0899E-12 2.1862E-12 2.5352E-12
Ba137 2.1428E-12 3.0109E-12 3.1493E-12 3.6510E-12
Ba138 1.3778E-11 1.9359E-11 2.0249E-11 2.3476E-11
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 1.4545E-15 2.0438E-15 2.1377E-15 2.4781E-15
La139 1.6085E-12 2.2601E-12 2.3640E-12 2.7405E-12
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 4.3314E-12 6.0860E-12 6.3658E-12 7.3797E-12
Ce141 3.8800E-51 0.0000E+00 1.7987E-42 7.0975E-46
Pr141 6.8080E-13 9.5659E-13 1.0005E-12 1.1598E-12
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 9.2932E-13 1.3058E-12 1.3658E-12 1.5834E-12
Nd143 4.1605E-13 5.8459E-13 6.1145E-13 7.0875E-13
Nd144 8.2689E-13 1.1618E-12 1.2153E-12 1.4088E-12
Hg202 8.2082E-13 1.1533E-12 1.2064E-12 1.3986E-12
Hg203 7.0477E-50 0.0000E+00 1.3579E-43 2.0206E-45
Hg204 1.9072E-13 2.6796E-13 2.8028E-13 3.2489E-13
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 4.3800E-13 6.1543E-13 6.4372E-13 7.4623E-13
Tl204 7.1887E-37 3.9818E-48 2.3111E-32 6.8590E-41
Tl205 1.0558E-12 1.4835E-12 1.5517E-12 1.7988E-12
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pb204 2.1078E-13 2.9615E-13 3.0978E-13 3.5924E-13
Pb205 1.7635E-25 3.5082E-24 6.2416E-25 1.1284E-24
Pb206 1.9805E-12 2.7827E-12 2.9106E-12 3.3743E-12
Pb207 2.2022E-12 3.0943E-12 3.2365E-12 3.7519E-12
Pb208 6.3339E-12 8.8996E-12 9.3087E-12 1.0791E-11
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 8.5891E-13 1.2068E-12 1.2623E-12 1.4633E-12
v=300 km/s - [Fe/H]=-3
H 1.5413E-01 7.8417E-01 2.5240E-02 7.7622E+00
H2 9.2009E-18 1.9008E-16 3.4215E-14 4.1531E-13
H3 1.9060E-24 3.5869E-22 1.1203E-18 5.7867E-17
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
He3 2.7456E-06 1.0634E-05 8.1670E-07 1.4889E-05
He4 6.8276E-02 4.2512E-01 8.7027E-03 3.9458E+00
Li6 5.3261E-14 3.2452E-13 1.1668E-13 6.7545E-14
Li7 9.4608E-13 4.9043E-12 2.0561E-12 1.0781E-11
Be7 1.3242E-17 5.4668E-18 4.7832E-24 9.9253E-16
Be9 9.9556E-17 4.3781E-16 2.2432E-16 1.3150E-16
Be10 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
B10 5.6910E-16 2.1793E-15 1.2592E-15 7.6934E-16
B11 8.0763E-15 2.0330E-14 1.4039E-14 1.0849E-14
C12 5.8141E-07 1.4580E-06 5.2823E-08 1.8373E-06
C13 1.4576E-07 3.3593E-07 4.3975E-09 4.9851E-07
C14 7.6041E-15 1.7162E-16 7.3526E-34 9.2165E-28
N13 4.3796E-32 1.6964E-31 0.0000E+00 4.7692E-28
N14 5.2270E-05 1.1372E-04 2.5491E-07 1.9165E-04
N15 1.0748E-09 2.4264E-09 1.6465E-11 4.2550E-09
N16 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
O15 7.1367E-34 3.0712E-33 0.0000E+00 1.0502E-29
O16 1.3556E-05 3.7047E-05 5.5243E-07 1.2143E-04
O17 3.9759E-08 1.4613E-07 2.0633E-09 4.7904E-07
O18 1.6455E-09 7.5366E-09 6.2101E-10 9.8182E-09
O19 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
F17 0.0000E+00 4.0601E-47 0.0000E+00 0.0000E+00
F18 0.0000E+00 5.6915E-48 0.0000E+00 0.0000E+00
F19 6.3563E-11 2.9318E-10 1.2797E-11 1.5226E-09
F20 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ne20 2.6290E-07 1.2377E-06 3.7077E-08 1.0850E-05
Ne21 2.2193E-09 7.3383E-09 8.6321E-11 2.5870E-08
Ne22 1.7568E-07 3.8591E-07 2.1587E-09 3.1883E-07
Ne23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na21 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Na22 2.7305E-23 4.0305E-28 0.0000E+00 0.0000E+00
Na23 1.2626E-07 3.6970E-07 4.0597E-09 1.9516E-06
Na24 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg23 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mg24 2.3877E-07 1.3743E-06 3.4775E-08 1.3599E-05
Mg25 2.0144E-08 1.0025E-07 3.5634E-09 8.2566E-07
Mg26 2.6325E-08 1.2456E-07 4.3806E-09 1.1622E-06
Mg27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al25 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al26 1.0682E-10 1.3727E-09 1.3839E-12 3.8823E-08
Alg6 1.0682E-10 1.3727E-09 1.3839E-12 3.8823E-08
Alm6 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Al27 2.2564E-08 1.3516E-07 2.8667E-09 1.4053E-06
Al28 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si27 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si28 3.5842E-07 1.9830E-06 5.3964E-08 1.9691E-05
Si29 1.7828E-08 9.2815E-08 2.7866E-09 8.6642E-07
Si30 1.3319E-08 7.6529E-08 1.9614E-09 7.7376E-07
Si31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Si32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P29 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P30 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P31 1.3334E-09 7.2645E-09 1.9965E-10 6.9913E-08
P32 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
P33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
P34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S31 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S32 1.4680E-07 7.9807E-07 2.2400E-08 7.7262E-06
S33 1.2213E-09 6.6084E-09 1.8494E-10 6.3792E-08
S34 7.0617E-09 3.8349E-08 1.0755E-09 3.7098E-07
S35 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
S36 3.4798E-11 1.8916E-10 5.3091E-12 1.8312E-09
S37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl33 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl34 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cl35 1.3732E-09 7.4663E-09 2.0956E-10 7.2284E-08
Cl36 3.8893E-14 9.5617E-14 5.7409E-28 3.4116E-14
Cl37 4.6983E-10 2.5344E-09 7.0806E-11 2.4425E-08
Cl38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ar36 2.8037E-08 1.5244E-07 4.2791E-09 1.4759E-06
Ar37 6.1680E-24 7.3805E-25 5.7868E-34 5.5427E-29
Ar38 5.3835E-09 2.9262E-08 8.2122E-10 2.8325E-07
Ar39 1.1394E-25 4.4632E-28 0.0000E+00 6.1602E-35
Ar40 9.0636E-12 4.9267E-11 1.3826E-12 4.7689E-10
Ar41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K37 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K38 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
K39 6.3785E-10 3.4657E-09 9.7243E-11 3.3541E-08
K40 1.2267E-12 5.9937E-12 1.5685E-13 5.4111E-11
K41 4.8638E-11 2.6344E-10 7.3777E-12 2.5447E-09
K42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca40 3.1095E-08 1.6905E-07 4.7452E-09 1.6367E-06
Ca41 8.3432E-13 1.5526E-12 1.9492E-24 1.2713E-12
Ca42 2.1993E-10 1.1888E-09 3.3254E-11 1.1471E-08
Ca43 4.6974E-11 2.5399E-10 7.1040E-12 2.4504E-09
Ca44 7.3855E-10 4.0069E-09 1.1232E-10 3.8742E-08
Ca45 4.9184E-47 0.0000E+00 0.0000E+00 0.0000E+00
Ca46 1.4755E-12 8.0222E-12 2.2517E-13 7.7666E-11
Ca47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ca48 7.1990E-11 3.9137E-10 1.0985E-11 3.7888E-09
Ca49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc41 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc42 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc43 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc45 1.0658E-11 5.7143E-11 1.5882E-12 5.4784E-10
Sc46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sc49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti44 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ti46 1.1136E-10 6.0256E-10 1.6862E-11 5.8161E-09
Ti47 1.0200E-10 5.5398E-10 1.5537E-11 5.3590E-09
Ti48 1.0306E-09 5.6022E-09 1.5723E-10 5.4230E-08
Ti49 7.7817E-11 4.2098E-10 1.1779E-11 4.0629E-09
Ti50 7.7051E-11 4.1350E-10 1.1508E-11 3.9694E-09
Ti51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Table 31 (continued)
Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
V45 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V46 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V47 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
V50 1.7416E-13 9.4702E-13 2.6583E-14 9.1691E-12
V51 7.0929E-11 3.8553E-10 1.0819E-11 3.7316E-09
V52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr48 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr49 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cr50 1.5524E-10 8.4413E-10 2.3695E-11 8.1728E-09
Cr51 7.0624E-25 9.1475E-26 8.2169E-35 6.4594E-30
Cr52 3.1141E-09 1.6931E-08 4.7520E-10 1.6391E-07
Cr53 3.5986E-10 1.9567E-09 5.4921E-11 1.8943E-08
Cr54 9.1728E-11 4.9717E-10 1.3929E-11 4.8046E-09
Cr55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn50 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn51 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn55 2.4240E-09 1.3178E-08 3.6989E-10 1.2758E-07
Mn56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mn57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe52 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe53 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe54 1.6339E-08 8.8844E-08 2.4939E-09 8.6018E-07
Fe55 1.5384E-18 1.3115E-18 5.0779E-29 1.0636E-20
Fe56 2.6604E-07 1.4464E-06 4.0597E-08 1.4003E-05
Fe57 6.2583E-09 3.4009E-08 9.5433E-10 3.2919E-07
Fe58 8.6525E-10 4.6409E-09 1.2923E-10 4.4585E-08
Fe59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Fe60 7.5774E-17 2.0291E-16 0.0000E+00 3.8379E-17
Fe61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co54 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co55 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Co59 9.4898E-10 5.1427E-09 1.4406E-10 4.9691E-08
Co60 1.4670E-22 3.9262E-22 0.0000E+00 7.5064E-23
Co61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni56 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ni58 1.0727E-08 5.8329E-08 1.6373E-09 5.6473E-07
Ni59 1.7769E-13 2.6497E-13 2.1756E-24 6.7577E-13
Ni60 4.2819E-09 2.3258E-08 6.5242E-10 2.2504E-07
Ni61 1.9143E-10 1.0325E-09 2.8833E-11 9.9459E-09
Ni62 6.1820E-10 3.3420E-09 9.3441E-11 3.2230E-08
Ni63 2.0292E-27 4.2853E-30 0.0000E+00 5.3129E-36
Ni64 1.6668E-10 8.8721E-10 2.4564E-11 8.4728E-09
Ni65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu57 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu58 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Cu59 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu63 1.1470E-10 6.0953E-10 1.6864E-11 5.8170E-09
Cu64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cu65 5.6428E-11 2.8850E-10 7.7549E-12 2.6750E-09
Cu66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn60 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn61 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn64 1.8759E-10 1.0112E-09 2.8235E-11 9.7388E-09
Zn65 7.6533E-26 5.6438E-28 0.0000E+00 4.6523E-35
Zn66 1.1379E-10 6.0433E-10 1.6705E-11 5.7619E-09
Zn67 1.7208E-11 9.0701E-11 2.4920E-12 8.5957E-10
Zn68 8.1224E-11 4.2405E-10 1.1567E-11 3.9896E-09
Zn69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zn70 2.5796E-12 1.4027E-11 3.9372E-13 1.3581E-10
Zn71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga62 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga63 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga69 8.5034E-12 4.2668E-11 1.1362E-12 3.9192E-10
Ga70 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ga71 5.9127E-12 2.9444E-11 7.7596E-13 2.6765E-10
Ga72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge64 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge65 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge66 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge67 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge68 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge69 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge70 1.2151E-11 6.1100E-11 1.6281E-12 5.6159E-10
Ge71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge72 1.5972E-11 8.2008E-11 2.2131E-12 7.6334E-10
Ge73 4.5113E-12 2.3273E-11 6.2981E-13 2.1723E-10
Ge74 2.2012E-11 1.1188E-10 2.9964E-12 1.0335E-09
Ge75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ge76 4.2293E-12 2.2996E-11 6.4549E-13 2.2265E-10
Ge77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As71 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As72 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As73 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As74 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As75 2.6782E-12 1.3815E-11 3.7389E-13 1.2897E-10
As76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
As77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se74 2.3586E-13 1.2825E-12 3.6001E-14 1.2418E-11
Se75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Se76 3.1266E-12 1.5087E-11 3.8927E-13 1.3427E-10
Se77 2.3256E-12 1.1911E-11 3.2115E-13 1.1077E-10
Se78 7.9210E-12 3.8867E-11 1.0135E-12 3.4958E-10
Se79 8.2234E-17 1.6558E-16 6.5710E-33 4.2251E-21
Se80 1.4296E-11 7.7383E-11 2.1695E-12 7.4829E-10
Se81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Se82 2.5640E-12 1.3941E-11 3.9131E-13 1.3498E-10
Se83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br75 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br76 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br77 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br78 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br79 2.4069E-12 1.2641E-11 3.4694E-13 1.1966E-10
Br80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br81 2.3381E-12 1.2473E-11 3.4602E-13 1.1936E-10
Br82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Br83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr78 8.2192E-14 4.4694E-13 1.2546E-14 4.3272E-12
Kr79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Kr80 7.5355E-13 3.4301E-12 8.2678E-14 2.8520E-11
Kr81 7.3956E-14 1.7110E-13 3.6024E-30 1.9990E-16
Kr82 3.7266E-12 1.7100E-11 4.2465E-13 1.4647E-10
Kr83 2.9724E-12 1.5589E-11 4.2580E-13 1.4687E-10
Kr84 1.4977E-11 7.8098E-11 2.1238E-12 7.3254E-10
Kr85 7.8462E-33 1.7450E-38 0.0000E+00 0.0000E+00
Kr86 4.3106E-12 2.3431E-11 6.5754E-13 2.2681E-10
Kr87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb79 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb80 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb81 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb82 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb83 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb84 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb85 3.5176E-12 1.8301E-11 4.9822E-13 1.7185E-10
Rb86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Rb87 1.3750E-12 7.4756E-12 2.0984E-13 7.2377E-11
Rb88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr84 5.6877E-14 3.0929E-13 8.6817E-15 2.9945E-12
Sr85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr86 1.7712E-12 7.1908E-12 1.5719E-13 5.4220E-11
Sr87 1.1664E-12 4.9044E-12 1.1115E-13 3.8341E-11
Sr88 1.1402E-11 5.3444E-11 1.3476E-12 4.6483E-10
Sr89 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Sr90 1.3295E-42 0.0000E+00 0.0000E+00 0.0000E+00
Sr91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y85 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y86 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y87 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y88 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y89 2.8360E-12 1.3879E-11 3.6065E-13 1.2439E-10
Y90 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Y91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr90 3.2125E-12 1.6366E-11 4.3986E-13 1.5172E-10
Zr91 6.9863E-13 3.5926E-12 9.6992E-14 3.3455E-11
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Zr92 1.0787E-12 5.5475E-12 1.4988E-13 5.1698E-11
Zr93 2.5758E-14 5.4395E-14 1.2559E-28 1.2515E-16
Zr94 1.0879E-12 5.6760E-12 1.5519E-13 5.3529E-11
Zr95 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Zr96 6.6645E-46 0.0000E+00 0.0000E+00 0.0000E+00
Zr97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb91 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb92 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb93 4.4165E-13 2.3927E-12 6.7017E-14 2.3115E-11
Nb94 2.6455E-26 3.9299E-26 1.0768E-35 4.2966E-31
Nb95 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb96 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nb97 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Mo92 1.6594E-13 9.0230E-13 2.5328E-14 8.7361E-12
Mo93 2.8035E-22 1.8823E-22 1.7503E-40 2.9578E-34
Mo94 1.0727E-13 5.8158E-13 1.6304E-14 5.6236E-12
Mo95 1.9323E-13 1.0290E-12 2.8518E-14 9.8364E-12
Mo96 3.7847E-13 2.0163E-12 5.5872E-14 1.9271E-11
Mo97 1.2025E-13 6.3829E-13 1.7648E-14 6.0871E-12
Mo98 3.1050E-13 1.6422E-12 4.5306E-14 1.5627E-11
Xe132 1.0182E-12 5.4598E-12 1.5197E-13 5.2417E-11
Xe133 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Xe134 3.7322E-13 2.0293E-12 5.6961E-14 1.9647E-11
Xe135 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs133 2.6450E-13 1.4289E-12 3.9952E-14 1.3781E-11
Cs134 1.1373E-38 7.3518E-47 0.0000E+00 0.0000E+00
Cs135 4.3509E-18 6.6627E-18 3.8194E-29 9.3757E-18
Cs136 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Cs137 1.3096E-47 0.0000E+00 0.0000E+00 0.0000E+00
Cs138 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ba134 8.8521E-14 4.5311E-13 1.2248E-14 4.2249E-12
Ba135 2.2300E-13 1.2041E-12 3.3655E-14 1.1608E-11
Ba136 2.7950E-13 1.4700E-12 4.0394E-14 1.3933E-11
Ba137 3.9138E-13 2.0941E-12 5.8194E-14 2.0072E-11
Ba138 2.4866E-12 1.3403E-11 3.7420E-13 1.2906E-10
Ba139 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
La138 2.5889E-16 1.4074E-15 3.9501E-17 1.3625E-14
La139 2.8907E-13 1.5621E-12 4.3683E-14 1.5068E-11
La140 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Ce140 7.7427E-13 4.1980E-12 1.1763E-13 4.0574E-11
Ce141 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Pr141 1.2137E-13 6.5918E-13 1.8489E-14 6.3773E-12
Pr142 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Nd142 1.6604E-13 9.0052E-13 2.5238E-14 8.7052E-12
Nd143 7.4102E-14 4.0269E-13 1.1299E-14 3.8973E-12
Nd144 1.4738E-13 8.0051E-13 2.2456E-14 7.7457E-12
Hg202 1.4644E-13 7.9493E-13 2.2292E-14 7.6889E-12
Hg203 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Hg204 3.3934E-14 1.8452E-13 5.1794E-15 1.7865E-12
Hg205 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Tl203 7.8068E-14 4.2404E-13 1.1895E-14 4.1029E-12
Tl204 3.0236E-38 8.2494E-46 0.0000E+00 0.0000E+00
Tl205 1.8819E-13 1.0222E-12 2.8674E-14 9.8903E-12
Tl206 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
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Isotope 13 M⊙ 15 M⊙ 20 M⊙ 25 M⊙
Pb204 3.7711E-14 2.0436E-13 5.7240E-15 1.9744E-12
Pb205 7.5224E-25 1.5683E-24 2.6494E-30 1.9771E-25
Pb206 3.5314E-13 1.9176E-12 5.3784E-14 1.8551E-11
Pb207 3.9242E-13 2.1319E-12 5.9806E-14 2.0629E-11
Pb208 1.1281E-12 6.1302E-12 1.7201E-13 5.9332E-11
Pb209 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi208 0.0000E+00 0.0000E+00 0.0000E+00 0.0000E+00
Bi209 1.5287E-13 8.3108E-13 2.3326E-14 8.0456E-12
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